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ENGLISH AND AMERICAN RAILROADS COM- 
PARED OPERATING EXPENSES. 


For the information very prominent official and large share- 
holder English railways, the author made some the following 
comparisons. The result was astonishing that decided enlarge 
upon it, and make short paper, hope getting the subject freely 
discussed. The English and American practice differ widely that 
both can. right; engineers and railroad officials should discuss 
freely, anu adopt the principle that isthe best and most economical, 
regardless its nationality. 

When the author commenced this investigation over five years ago, 
was with showing the American engineers that 
was the best policy build good roads first, the English do, and 
save the cost operating expenses. The author then thought that 
would possible, roads with large traffic, save more than the 
additional interest charge, but the investigation progressed, was 
greatly astonished find that the Americans were operating their roads 
much cheaper than the English, though built probably less than one- 
fifth the average cost English railways. 

This surprised him that thought there must some mistake 
his data and investigations. Acting upon this belief, postponed 
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the reading the first paper for six months, until could again visit 
England and re-examine the subject and data. 

now more than three years since his first paper entitled English 
and American Railroads Compared,” was read before this Society. 
Since then the subject has been much discussed the press and rail- 
road officials. About the only thing that has been said against is, 
that was based upon assumed data; reality all the important 
figures given were from official sources, except the tonnage and 
passenger mileage; unfortunately the English roads not give these, 
reference this, the author will quote from his first paper book, 
page 16:* return these all-important items for comparison 
made England. The author, after careful inquiry and investigation, 
decided that the average freight charge all freight moved the 
United Kingdom was about pence, cents per mile per ton; but 
order conservative has taken the average charge penny, 
cents per ton per mile.” 

order get the ton mileage, the receipts from freight, 
reported the companies, pounds sterling has been multiplied 
240.” 

the supplementary paper year later, and after more thorough 
investigation had been made, the author said page 

“He hoped that the English railways which are largely interested 
this question will promptly replace his estimate ton and passenger 


mileage their official figures. Until this done claims that 
these figures should accepted 


Since this was written has been investigated for two years more, 
fully confirming the preceding opinion and data. 

All the data and figures this paper are taken, for the English 
roads, from the Trade Railway General 
Report,” and for the American roads from Poors’ Manual,” the 
annual reports the companies. 

traffic expenses the Pennsylvania Railroad includes and 
taxes,” and for personal and compensation 
for damage and loss goods,” amounting $322370 for 1887, which 


should deducted make correspond the English roads, 
them they are not included traffic expenses. 


* Transactions, Vol. XV, No. 318, January, 1886. 
+ Transactions, Vol. XVI, No. 343, October, 1886. 
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the accompanying table the five principal English railways have 
been selected. Among the American railroads the Pennsylvania Railroad 
Division has been selected representing the best constructed American 
road, and the Knoxville Branch the Louisville and Nashville system 
the cheaply constructed class, both running through 
comparatively rough country. Both these roads have most their 
traffic one direction. This reason very frequently given English 
officials for the high freight rates their railways. 

first the author included the Pennsylvania system, the Phila- 
delphia and Erie, and the united railroads New Jersey divisions, but. 
reflection, thought best exclude them, might said that 
the level easy grades these roads were particularly favorable 
cheap transportation. The Pennsylvania Railroad Division was retained, 
traverses broken country with many heavy grades, and one sum- 
mit 2154 feet above tide. 

absence official data the average charges for trans- 
porting one ton freight one mile the English railways, the 
author has assumed that the average charge one penny, two 
cents, per ton per mile (one pound sterling $4.80), being the same 
figures given his book and papers pages and 789, which 
figures have not been contradicted any way, but have been repeatedly 
confirmed. 

These comparisons speak very strongly favor the American 
system. The high terminal charges (including receiving and delivering 
freights carts), are generally given excuse for the very high 
freight charges England; the last two paragraphs show that there must 
other reasons than these. absence any data what this ex- 
pense amounts to, the author has paragraph, noted, deducted from 
the operating expenses the English railways everything included under 
the name Traffic Expenses (coaching and merchandise); this must 
certainly include all terminal charges and cartings. the American 
railroads deductions any kind from the total operating expenses 
have been made; notwithstanding this, there still very large per- 
centage favor the American roads, the Pennsylvania being 
per cent. its favor, compared with the London and North Western.* 


*Being 144 per cent. favor the Pennsylvania Railroad when compared the Lon- 
don and North Western. 
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paragraph all traffic expenses (coaching and merchandise) have 
been deducted from the operating expenses all roads; this shows 
very large percentage favor the American railroads. 

Paragraph shows the error the statement usually made that the 
English railways are operated more economically than the American, 
account the operating expenses the English roads being about 
per cent. the earnings, while the American roads are about ten per 
cent. higher. the earnings both roads were derived from the 
same charge for moving freight, the operating expenses the Penn- 
sylvania road would only per cent. the earnings against 
the London and North Western, 148 per cent. favor the American 

frequently stated that the English railways are operated more 
cheaply than the American, because the mile the former costs 
somewhat less than does the latter, which entirely wrong, 
proper allowance made for the difference the average number 
tons the train load, which average, per paragraph tons 
the London and North Western, against 207 the Pennsylvania. Para- 
graph shows that proper equation made for the heavier load, the 
cost per train mile the London and North Western $.6588, 
against $.3365 for equal load the Pennsylvania, per cent. 
favor the latter. 

There must some cause for this great difference the operating 
expenses these roads; the opinion the following are the 
principal reasons 

First.—Too light loads the English trains, both freight and pas- 
senger. 

Second.—The universal use American roads rolling stock with 
bogie-trucks, which move with much less friction and wear and tear 
than the rigid wheel base rolling stock used the English railways. 

Third.—The use the American roads freight cars carrying 
much greater percentage paying load dead weight than the wagons 
used the English railways. 

Fourth.—The great speed which the English freight trains run. 

use the English roads light locomotives, with in- 
side connections that cannot cheaply easily repaired the 
American locomotive, with its outside connections. 

custom the English railways giving each indi- 
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TABLE No. 


ENGLISH AND AMERICAN RAILROADS COM 


£1= $4.80. 1d, =2 cents. 


All figures representing cost are in cents, except 


the average cost per mile of railway operated, 
which is in dollars. 


Pennsylvania Railroad Division. 
Knoxville Branch, 
Louisville and Nashville System. 


Average cost per mile of railway operated, in dollars}........| $39 190 


Percentage of total tonnage mileage transported 
total tonnage mileage transported 
WERE 
Average tons in loads of freight trains......... 
Average charge for transporting one ton one 
Percentage of operating expenses to earnings.. 
Percentage of operating expenses to earnings 
on the Pennsylvania Railroad Division, pro- 
vided charged the same rates for freight 
are charged on the English railways, viz., 
1d.= cents per ton per mile. 
Percentage of increased earnings that the Penn- 
sylvania Railroad Division would receive if it 
worked with their present operating expense 
and received the same freight rates (1d. per 
ton per mile), as the English railways now 


Percentage of traffic expenses (coaching and 
merchandise) to total operating expenses..... 
Average cost of transporting one ton one mile. 
The cost for the English railways is found by 
multiplying the estimated charge of 1d. per 
ton per mile by the percentage of operating 
expenses to the gross earnings, as per para- 
Average cost of transporting one ton one mile, 
deducting the English railways sll Traffic 
Expenses (coaching and merchandise),’’ and 
deducting nothing from the total operating 
expenses of the American railroads ; cents... 
Average cost of transporting one ton one mile, 
deducting all (coaching 
and merchandise) on all roads; cents........ 
Average cost of train mile—freight and pas- 
Equated cost train mile the English rail- 
ways, provided they transported their present 
train loads at the same cost per ton per mile 
as is done by the American railroads, to which 


they are compared, in cemtsS...........e.eeeeeleeceee 


207 154 

426 


London and North 
Western. 


$255 888 


2.00 


Per cent. 


Great Northern. 


Percentage 
against 

Great Northern 

and in favor 


“a “a 

as 

200 120 2.00 200 120 
144 106 1.12 163 122 

140 739 167 116 

96 65 Per cent.) 117 83 


Percentage 
1887. against 3 
L. & N. W. 
and favor 
5. 
545 
1.04 
10, 
-666 
-666 
12. 
85.37 71.00 65.88 


TABLE No. 


AMERICAN RAILROADS COMPARED OPERATING 


Great Northern. Midland. Great Wester 
Percentage Percentage Percentage Perce 
against against aguinst aga 
L. & N. W. Great Northern Midland Great V 
and in favor and in favor and in favor and in 
=> > 
p 200 120 2.00 | 200 120 2.00 200 120 2.00 | 200 | 
148 21 148 21 148 21 148 
4 144 106 1.12 163 122 1.04 144 106 -98 130 
e--| 33.65 39.82 | Cost.... 25.56 30.24 | Cost.... 25.99 30.74 | Cost.....| 27.26 
96 65 Per cent.) 117 83 Per cen®} 113 80 Per cent.) 113 
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EXPENSES. 


reat Western. 


Percentage 
Great Western 
and in favor 


Pennsylvania 
Division. 
Knoxville 

Branch. 


120 


130 94 


144 


Great Eastern. 


Percentage 
against 
Great Eastern 
and in favor 


$212 


2.00 | 200 
53 


164 


e+] 27.26 | 32.26 | Cost.....| 26.91 


80 


Per cont. 112 


os 

ax 


149 


110 


113 


United Kingdom. 


Percentage 
against 
all Railways 
United Kingdom 
and in favor 


Pennsylvania 
Division. 


$207 408 


2.00 | 200 
52 


148 


545 
31 


1.04 144 


-118 | 69 


160 


31.25 29.82 


79 


Per cent.| 100 


Knoxville 
Branch. 


120 


43 


109 


35.28 
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vidual shipper the exclusive use freight wagon, even for very small 


quantities goods. 

The Pennsylvania Railroad Division one the few American 
railroads that approximate thoroughness construction the aver- 
age English roads. Even this line there are many cheap station 
buildings, platforms, that require constant repairs and renewals. 
Consequently, their maintenance more expensive than the permanent 
masonry structures the English roads. This applies still more 
forcibly the inferiorly constructed American roads. 

say that there not per cent. them ballasted the English 
average standard, and perhaps more than one-half the remainder 
without any pretense whatever ballast. 

The large English railways are very similar each other the 
general details their operations; this shown the preceding table. 

From all the data that are available, appears that the cost trans- 
porting one mile, one ton one passenger, about the same the 
principal English railways. The question has been frequently asked, 
can the English railways pay the interest their great cost, un- 
less they continue charge their present high freight rates?” This 
entirely foreign the object this paper, which proposes only dis- 
cuss the cost operating expenses the two countries. The author 
is, however, thoroughly convinced, that the English railways large 
reductions could made the present freight rates and cost 
operating expenses, without diminishing the present dividends the 
least. 

the English railways there great variety rolling stock, 
differing very widely; this especially true regarding the locomotive. 
not possible that these different varieties, differing very much, 
can all equally good. strange that the best type has not been 
selected, and generally adopted, especially the same road. During 
recent visit Stoke-on-Trent, the author was told the Duke 
Sutherland, reply the question why did not work his coal and 
iron mines more extensively, the situation was very favorable for 
producing coal and iron, that the railroad freights were 
nearly prohibitory, being Liverpool—55 miles—7 shillings $1.75 
per ton, 3.2 cents per ton per mile; compare this with the charge 
the and Nashville Railroad $1.40 per ton from Birmingham 
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Mobile, 280 miles, half cent per ton per mile, one-sixth the 
English charge, and this over much inferiorly constructed road. 

prominent railway official gave the usual reason for this high 
freight rate, that was owing the high terminal charges Liverpool. 
There were none Stoke, the iron being loaded into the cars the 
furnace company. data are given which these terminal charges 
can ascertained, but certain that get all them, let de- 
duct from the operating expenses all the Traffic Expenses” (including 
coaching and merchandise), per ceht., asin paragraphs and the 
preceding table, this will leave $1.12 the freight charge, over two 
cents per ton per mile, after deducting all traffic expenses. Compare 
this with the rate the Louisville and Nashville Railroad half cent 
per ton per mile, and without any deduction whatever from the total 
operating expenses. 

The preceding percentages the American railroads would 
very largely increased, proper allowance made for the higher 
wages paid, their difference first cost—fully one five, and conse- 
quently inferior construction, and their perishable wooden buildings 
and bridges. 


now five years since the author commenced this investigation. 


All the data collected this time prove that the American rail- 
roads the total cost transporting one ton per mile less than half 
what the English roads. 

The author will conclude this paper with the concluding sentence 
his first paper: For what done the. United States ought 
done the United Kingdom.” 
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STRESSES BRIDGES. 


not possible read the various papers and discussions which 
appear America upon specifications for and stresses bridges with- 
out perceiving that bridges form subject which receives large amount 
the attention American Engineers. the present writer appears 
that the tendency modern American and the best English practice 
towards reduction the amount the so-called factor safety which 
has now become fashionable call the factor ignorance, though 
should more truthfully euphoniously termed the factor uncer- 
tainty. This reduction clearly made concurrently with more 
accurate determination actual distinguished from apparent loading, 
and clear that should final determination the full effect any 
and every load upon structure accurately made, the factor uncer- 
tainty would once replaced marginal factor, which would 
serve determine the true working strength structure under known 
load, and such working load would differ little from the loading that 
would cause final rupture. fact, the present wrongly termed factor 
safety might then consistently termed. 

The difficulties standing the way such improvement prac- 
tice are chiefly connected with our ignorance stresses caused 
moving load, for whilst static loads can accurately measured, 
there difficulty truly measuring the effects dynamic load. 
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The old principles, which allowed uniform stress upon every part 
bridge, without reference its place the structure, have been dis- 
carded, and modern methods fully recognize that different details re- 
quire different working stresses, and parts subject suddenly applied 
loads are calculated for static loads much greater magnitude. 

actual practice, study American literature the many papers 
and pamphlets kindly sent the writer many American engineers, 
whom would here take the opportunity recording his thanks for 
their courtesy, shows that bridge work the points presenting 
most uncertainty are the percentage increased stress due quickly 
applied loads, such that rapidly moving train, and the excess 
weight due the horizontal balance locomotives disturbing their ver- 
tical equilibrium. These belong solely the loading, and 
may classed primary. 

The secondary causes increased load action are those connected 
wholly with the structure. First these may named general deflec- 
tion the whole structure, which increased stress centrifugal 
action. Next order comes the deflection parts the floor system, 
such the stringers, which may induce vibratory action the repeated 
raising the rolling loads they cross the panel points—i. 
the floor beams. 

The third and perhaps most severe causes increased stress are 
those which depend upon certain mutual relations between the load and 
the structure, and foremost these the relation between the drive 
wheel circumference and the panel length the bridge. Next the 
relation between wheel spacing the train and the panel length; and 
finally, there the still more complex relation between panel length, 
drive wheel circumference train wheel spacing, velocity motion 
the train, and period vibration the bridge. 

When tie bar stated being loaded working stress 
pounds, engineers understand that the static load intended. 
They are aware, perhaps, that the material should bear any number 
applications 20000-pound stress, but dare not approach such 
limit simply because they know that unknown stresses are brought 
about the above enumerated causes, which would work destruction 
speedily structure nominally calculated for 20000 pounds; for 
now generally conceded that the nominal 10000 pounds more 
nearly 20000. would therefore appear desirable that actual 
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live load stresses should determined; for there can doubt that 
fully recognized that live loads daily cause stresses 
000 pounds, would soon the custom allow for dead loads this 
amount calculation and the same also for the real live load. The 
effect would most striking long spans, where dead load forms 
great proportion total load, and marked economy would arise, whilst 
long spans would still less strong than short spans. Indeed 
would appear that either existing long spans are wastefully strong 
short spans doubtfully safe. 

Without attempting any scientific determination live load stresses 
the writer would point out what appears him correct least 
rational method procedure, followed determining the total 
action moving loads. This, appears him, ought expressed 
equivalent static load when possible. Commencing with the primary 
causes the necessity ignorance factor, will recognized that 
calculating bridge stresses the modern system wheel concen- 
trations given Burr Stresses Bridge and Roof Trusses,” the 
essence the principle demands that such wheel concentrations 
known accurately. this end full account must taken the ver- 
tical action the counterweights the drive wheel, and when bridge 
the engine representing the maximum loading shall cross the bridge. 
Knowing amount the counterweight vertically unbalanced 
must found and its centrifugal action calculated from the formula 
tions per minute given maximum velocity. will not usually 
bridge rarely steep gradient. The amount when wheels 
are small, will found quite serious, and must added the apparent 
weight the driving axle—i. each wheel such axle—and pru- 
dential reasons would also demand that the vertical component the 
maximum piston load due the angularity the connecting rod 
should also added the load the drive wheel, though may 
the load upon the leaders truck wheels. 

Thus altered, the engine concentrations may assumed with correct- 
ness the actual loads, and now concerns know what extent 
such actual wheel loads must further allow for rapidity 
application. Here again maximum train speed must assumed. 
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with considerable diffidence that the writer would suggest new 
method determining percentage co-efficients for different lengths 
span; but the method proposes has rational basis. 

heavy load roll upon bridge certain velocity, the 
bridge will commence deflect until the load attains mid-span, when 
further ceases. 

Consequently, the whole must take place the time 
pied the load traversing half the span. Assuming that train 
headed heavy locomotive the position single load—an er- 
ror assumption the safe may say that bridge 180 
feet span train miles per hour speed will put the bridge into its 
position maximum deflection one second time, for the engine will 
then stand mid-span. Now, one second any free load would fall 
under the action gravity through space feet, for 
traversed. 


320 


The load, however, occupies one second getting mid-span. 
therefore occupies six times the period necessary deflect the bridge 
its full extent. Now, absolutely instantaneous application load 
equivalent the steady application load twice the weight, and 
demands increase 100 per cent. upon its static weight. the 
present case, then, time being extended sixfold, find 16} per 
cent. the proper increase case spans 180 feet under loads ad- 
vancing feet per second. Calculated this basis, the annexed table 
will give the percentage increase for the various spans enumerated, speed 
being taken feet per second and deflection (assumed exaggerated) 


span. 
TABLE No. 


FEET. 


100 


| 
| 
80 | | 
25 223 20 | 17 | 164 16 13 
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This rule gives 100 per cent. increase for spans feet. Below 
feet the increase given the rule will more than 100 per cent. This 
clearly wrong, for nothing over 100 per cent. possibly correct. Hence, 


whilst for spans feet and upwards, the formula for percentage 


below feet, for any other and speed be- 


low such span requires addition 100 per cent., the formula be- 


comes being the time necessary for body fall 


through distance the deflection, and being the time occu- 
pied the load traversing distance equal half span. 


The inversion the clearly rational, for small 


spans the time occupied attaining mid-span less than that 
necessary the law gravity for the load fall distance equal 
the deflection, and the percentage addition cannot 100 per 
cent. Seeing, however, that all loads will not cross short spans 
maximum speed, span less than feet ought have less than 
100 per cent. addition. this reasoning correct, would ap- 
pear that for high speeds the stress rails supported more frequent 
intervals than feet will much less than under slower moving 
Clearly for the speed and deflection employed this paper feet the 
most severely tried span, its half length time load passage just coin- 
cides with the period fall due gravity. For higher speeds the limit 
most severely tried span lengthened, and quite possible con- 
ceive that bridge 100 feet span could constructed, regards 
the gradient its rail surface, that aload moving immense velocity 
would cross from the higher the lower abutment without exerting 
pressure the bridge. course such necessary velocity far beyond 
the range even improbable practice, for one abutment was foot 
lower than another and the span 100 feet, the velocity would require 
400 feet per second, 270 miles per hour. Thus 300 miles per 
hour bridges less than 100 feet span might omitted, long the far 
side abutment was foot below the near side.* 

resume, however, such would complete the additions made 
the load, and this second addition would prudentially applied 
the already augmented engine concentrations. 

this high speed curious reflect that any grade steeper than feet the mile 


could not safely join horizontal piece line without intermediate flatter This 
statement, of course, neglects consideration of springs. 
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The method would also apply the more detailed stresses floor 
systems. 

Stringers should figured though short-span bridges and the 
proper increment due their deflection should added. The sudden- 
ness application loading floor beams determined each case 
the stringer length and the percentage added that proper 
span length equal two panels the bridge. 

will correct also figuring for stringers increase the wheel 
loads, already determined the above two additions, the further 
addition due lateral swaying the whole machine, the amount 
transferred load due wind pressure. The maximum possible 
either these 100 per cent., for beyond this engine will overturn. 
What the actual percentage due 30-pound wind pressure depends 
upon the type engine, but the writer does not know what this may 
be; probably surging and wind combined may add practice per 
cent., which would figured upon the already increased wheel loads. 
The final drive wheel concentration upon 20-foot stringer will, with 
this last addition, double its static amount. The maximum floor 
beam stress will similarly found, but will little nothing affected 
this last addition, which subtraction from the windward stringer 
Truss stresses generally are calculated with this trans- 
ferred load increment, which for the train loads may 100 per cent., 
and place wind stresses being now looked upon extraordi- 
nary loading, future requirements with increased nominal working 
stresses will demand their equality with other stresses, the maximum 
being taken the basis design. The increments due velocity 
approach, whilst depending panel length some cases, such beam 
hangers, etc., not all cases. For example, the rivet con- 
nection between stringer end and floor beam web plate exposed 
instantaneous load one end whatever speed and must 
allowed for accordingly. the main trusses the portions exposed 
sudden loading are the counter-braces, and the additive percentage for 
these clearly depends upon their distance from the truss end. 

Thus through bridge the distance from the approach end the 
truss the foot any counter-brace will the determining length and 
the percentage added will that due span double this 
length. (See foot note Table No. relative Pratt trusses.) 

this principle correct will clear that the addition 
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necessary for quickly applied load greater than often thought 
necessary and decreases with the decrease the deflection allowed. 
Deep trusses are thus per stronger than those small depth, owing 
their less deflection. 

the secondary causes load increment—those structural 
origin—that due the centrifugal action following deflection below 
the horizontal usually provided for initial camber. That due 
flection floor stringers should clearly eliminated far possible 
the use deep and stiff stringers, and any deflection the stringer 
then existing may counteracted regards panel point shocks 
upward camber the track each panel length, though this latter 
appears refinement impossible carry out daily work. Its 
effect would diminish the jar and the tremor induced the rise 
and fall each wheel passed from the deflected mid-span the 
stringer the higher level over the floor beam. 

The engines upon which American bridge loads are calculated appear 
have drive wheel circumferences about feet, and therefore such 
engines will cause tertiary stress increments from the coincidence 
revolution wheel with floor beams when panels are feet long, such 
increments being greatest when the lowest positions counterweight 
coincides with the floor beam, and least when drops upon the stringer 
center, the centrifugal action then lifts the wheel over the panel point. 
This applies only general truss stresses; the reverse the case with the 
stresses the stringers, except for their end shear and connections; 
feet, feet and feet would appear usual drive wheel circum- 
American engines, and such lengths should avoided panel 
lengths, which, with such wheels, should not the following lengths: 
6}, 10}, 16, 21, feet. 

With those three common sizes for wheels panel length hard 
find which shall suit each wheel, and preference one should selected 
suit that engine which greatest. Usually this will the 
case the 16-feet wheels which run high speeds. The 13-feet wheeis 
consolidation engines not revolve quickly, hence small. 
Panel lengths and feet will suitable, preferably the longer. 
Indeed may laid down rule that the panel length should exceed 
two three feet the circumference the largest wheel, failing 
this intermediate between this length and the circumference the 
next smaller wheel when such can arranged. The panel lengths should 
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also not coincide with the wheel spacing the train, for the united co- 
incidences car wheels and panel points will more harmful than the 
coincidences the counterweight action. When such coincidences 
must allowed occur heavy percentage will need adding train 
load, and further experiments ought carried out the lines 
those Professor Robinson determine what such percentage will be. 

The cumulative vibration due fortuitous agreement the above 
coincidence with the periodic oscillation the bridge itself will 
sufficient warrant every care being taken prevent the first coinci- 
dence, that the door may not left open for the even possible triple 
rather quadruple coincidence. 

With careful design, bearing mind the above, would appear 
from the experiments already tried that about per cent. least 
should added truss stresses account cumulative partially 
cumulative vibratory action. 

Further experiment should the direction determining the 
oscillation period standard types bridge varying span, order 
that the train speed may known and avoided which will give maxi- 
mum cumulative effect. The subject one difficulty, depending 
does many factors. The introduction single vehicle train 
having wheel base different from other vehicles might the means 
saving destroying bridge; for, however improbable may the 
chance unity action all causes load increment and vibration, 
such might occur any bridge some time and when occurring might 
wreck it. 

sum up, would seem that primary causes load increment 
affect chiefly the floor system, also the secondary effects due 
structural peculiarity, though these also affect trusses. The greatest 
truss effects, except regards counters which are primarily affected, are 
due the tertiary combined effects load and structure. 

The method computing impact percentages the time basis 
appears correct. the safe side compared with the 
inverse method. For example again, taking the case the 180 feet 
span have deflection The time traversing the half span 
one second. one secomd feet would fallen through. Then 
100 

lated this basis the percentages for few spans will follows: 


2.8 the added percentage forthe speed and span. Calcu- 
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TABLE No. 


Span, 
Per cent 


Span, feet 


This method agrees with the first method the 5-feet span above, 
and gives much less percentage additions for long spans, especially for 
less than the here supposed. 

does not differ much from the table given Waddell’s Japanese 
for spans feet only, but the first method would appear 
preferable, showing does large percentage additions spans 
under feet, and reasonable additions for long spans. Waddell’s 
memoir, too, deals with practical deflections and agrees with modified 
Table No. 

will noted that structural weight does not enter into the calcu- 
lations, and further investigation would seem necessary determine 
whether the relative proportions dead and rolling load have effect 
reducing the necessary impact addition. The writer does not think 
any allowance can fairly made for weight structure. Should 
allowance made would, course, act chiefly diminishing the 


impact addition for the longer spans, which the ratio 


larger 
number than the case the short spans. 

The maximum deflection due live load being the measure the 
work done, however, would seem that allowance should made, 
and would interest measure the deflections bridge 
every panel point with loads various speeds and with engine drivers 
and out vertical balance, well with drive wheels circum- 
ference exactly equal panel lengths. 

The train, too, might loose coupled, that all wheels were simul- 
taneously panel point. The deflection increments, speed, above 
those with steady load, ought give the increment load which should 
provided stress calculations, but for maximum increment would, 
course, necessary find the bridge vibration period and harmonize 
the train speed produce cumulation. The total increment for high 
speeds should then include not merely the maximum cumulative stresses, 
but the maximum stresses due impact, surging and centrifugal action 
drive wheel counterbalances. the assumption that the experi- 
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mental investigation cumulative vibration shows per cent. addi- 
tion, and that for floor systems the transferred load due surging and 
wind pressure 100 per cent., the following table, No. would exem- 
plify the various actual calculable loads, after first addition drive 
wheel concentration the amount due centrifugal action, which 
should taken bridge made nine panels feet, the 
amounts percentage being taken from Table The transferred 
the increment can only found when the relative distance apart 
rails and trusses known, and for the stringers the increment taken 
100 per cent. the overturning point the train. The transferred 
locomotive load would, already stated, much under this amount. 
Post stresses require increment equal that the counter-brace 
attached the upper end, the case through bridges, and the stress 
thus determined must compared with that due truss general stress 
and the greater the two employed determining sections. Probably 
the most expeditious way finding stresses this method will 
find structural load stresses separately and determine rolling load stresses 
though steady, afterwards multiplying them the factor under the 
head Total Table No. These stresses being determined, the 
working stress per square inch the material found the 
usual way from the ratio minimum maximum load. 


TABLE No. 
Static. Cumulation. Transferred. 
Trusses, general stresses....| 1,00 | 1.165/1.165 X 1.25 = 1.45) 1.45 X =|1.454+1.452 
Hip verticals and beam 

Counter- 

2d Counter-brace* .......... 1.00 1.25 |1.26 X 1.25 = 1.56) 1.56 X 1.2 —'1.56 + 1.562 
3d Counter-brace* .......... 1.00 1.20 |1.20 X 1.25= 1.50) 1.50 x l.z=j1.50+4-1.5 
4th Counter-brace*.......... 1.00 1.17 [1.17 X 1.25 = 1.46) 1.46 X =|1.46+1.462 
Stringers, end shear, 1.00 {| 2.00 |2.00 X 1.25 2.50) 2.50 X 2.0 =—/5.00 
Floor beams..... 1.00 | 1.36 /1.36 X 1.25=1.70) 1.70 X l.z=j1.70+1.7 


The method this essay clearly gives larger maximum stresses than 
custom assumes more éspecially this noticeable stringer end con- 
nections. the method correct, very clear that short spans, 


* For counter-braces past the middle of span the percentage is clearly that due to half 
span distance from approach, as they then take general truss stress. Though only com- 
mencing from second pauel point in Pratt trusses, the span so far as regards counter-braces 
also only commences the hip vertical. 
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now built, are relatively weaker than long spans, and good modern 
practice tends support the accuracy the factors herein determined. 
For floor systems, the method clearly more accurate than for 
trusses, the loads floor stringers more nearly approximate the 
condition single load than the case trusses, and very short 
panels are identical. For the larger spans, too, the assumption that 
maximum deflection takes place when the head train reaches half 
span error the safe side, and the percentages for impact might 
probably, with near approach accuracy, halved for spans 
400 feet and correspondingly reduced down the 25-feet span, for 
which reduction impact percentage need allowed. 

The writer would not make any claim finality this method, 
but offers these few remarks the hope that they may service 
indicating least line approach towards the true solution 
the real stresses due moving loads, which, once determined with 
accuracy, would engender confidence and precision design hitherto 
quite impossible. 

Experimental proof clearly required determine actual incre- 
ments, and the measure deflection appears present the easiest 
method doing this. 

The assumed, span for live load alone, large. For 
deflections lessamount the percentage additions Table No. will 


reduced the proportion being the amount the new 
tion. 


Half the would give times the percentage. Expressed 


velocity train feet per second deflection due live load 
feet, and span feet. The large additions made live loads 
the percentage factors serve raise the value the maximum the 
formulas Wohler, whilst leaving minimum unaltered most cases. 

Hence, the working stress allowable lowered, but when all such 


percentages have been added and the ultimate strength every detail 
Maximum 
Minimum 
unknown, may fairly claimed that factor safety from 
will all that necessary fact, bring the work 
part within its elastic limit. 


determined from the known ratio factor remaining 
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The experiments the Iron Commissioners 1849 showed that 
certain cases deflections under moving loads were over double those 
due the static load. This does not prove that any case more than 
100 per cent. addition required, but rather that the special experi- 
ments the true elastic limit had been exceeded, for the amount 


tion the short bar experiments was inches feet, the 


span. 

The immediate conclusions drawn from the arguments this 
paper are that double-track bridge better than two side side 
bridges single track, owing maximum stresses being much less fre- 
quent, and the decreased possibility maximum stresses due 
transferred load under wind pressures ever taking place all; but 
evident that approaching the true working limit material 
under absolutely known loading, the maximum possible stress only can 
admitted into and the present specified allowances 
and per cent. greater stresses under extraordinary loadings, such 
wind, will disallowed the near future, considerably 

Since writing the foregoing have had sent copy Mr. 
Robinson’s paper bridge vibrations. From this paper observe that 
giving impact percentages for assumed deflection may fitted 
any other very readily, impact varying, Hence for 


deflections the tabular numbers must multiplied 
which would give just about per cent. for spans 
feet and about per cent. for 300 feet, whilst for the 20-feet span 
about per cent. appears the proper addition. The deflection 
Bollman truss appears about half the assumed Hence, 
for Bollman* and similar trusses the allowance for impact will 
the tabular numbers, nearly From this clear that 
whilst such trusses are not exposed very cumulative vibrations, yet 
they are exposed impact nearly double that Pratt trusses. 
cumulative vibration appears worst the case long spans, the first 
conclusion drawn would appear that the Bollman truss 
eminently suited for long spans. Deeper thought, however, leads 


different conclusion. With deflection, 300-feet Pratt truss re- 


The Fink truss improvement upon the Bollman respect impact. 
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quires per cent. for impact, and, according Professor Robinson, 
per cent. for cumulation, total per cent. Now, the Bollman 
truss 300 feet may have, perhaps, per cent. only cumulation, but 
regards impact not the per cent. which the tabular number 
would show, and why? Because the Bollman truss really composed 
several independent trusses, having one chord only common, and 
bridge this principle having span 300 feet and panels really 
consists, far impact concerned, 40-foot bridges, each 
having the whole span. Thus, with deflection 
equal that 300-feet span, the impact that span whose half 
length equal panel length the truss. Table No. gives per 
cent. for spans feet, and three-fourths this per cent. Hence 
the total addition the Bollman truss 133 per cent., the supposi- 
tion that cumulation adds little per cent. The Bollman truss 
therefore seen possess solid advantage, even this score, over 
Pratt trusses, and seems probable that attempts stiffen such trusses 
interpanel bracing may serve increase cumulation stresses, whilst 
doing little nothing diminish the effects impact. Long panels 
would appear essential all such types bridges, order dimin- 
ish impact. 

Allowing pounds per square inch piston area for weight pis- 
ton, rods, ordinary 18-inch engine would figure out about 500 
pounds. half this reciprocating, the centrifugal action the 
crank-pin radius, foot for 66-inch wheel, feet per sec- 
ond, 312, and 274 pounds, difference 548 pounds, 
which difference brought bear the truss rail half revolu- 


wheel 17.27 feet, and this foot deflection, assuming 


local deflection occur. The time occupied falling freely through 

10.4 

added driver counterbalance excess for static equivalent, practi- 


the present instance the driver excess becomes fully 
000 pounds above mean load, 000 pounds difference. This 
itself equivalent addition per cent. the mean weight 
standard 112 000-pound passenger engine, whilst the centrifugal differ- 
ence per cent., which, after allowing for speed differences, curi- 
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ously near the amount engine percentages found Professor Robin- 
son, and though the means finding this may scarcely scientific, 
inclined the belief that this, rather than cumulation, 
that engine excess thought due, though the case train ex- 
cesses the panel coincidence holds good. should inclined believe 
also that when counterbalance excess down floor beams and 
mid-panel the effect would certain cases serious when the 
reverse thecase. Though for general stringer stresses counterweights 
down mid-span may productive the worst effects impact, yet 
for stringer connections floor beams the centrifugal action, when the 
weight down stringer ends, floor beams, added already 
found 100 per cent. for instantaneous application the wheel comes 
from over the floor beam, must very serious. As, however, im- 
possible choose how locomotive shall place its wheels, allowance 
must made every case for most disadvantageous position. 

The percentage due centrifugal action requires added the 
engine loads extent miles probably per cent., 
deducible from Professor Robinson’s figures for lower speeds, before 
the addition the further excess for impact. The fact that centrifugal 
action varies with the square the wheel revolutions presumptive 
evidence that engine vibration for freight trains should, observed, 
small. also observable that, whilst passenger trains the locomo- 
tive the cause vibrations, freight trains the cars form the chief 
stress-producing element, and this taken showing that 
bridge likely safe under passenger train calculated for 
freight train vibration, and further, that large wheels engine are 
conducive safety. 

Locomotives might perfectly counterbalanced somewhat differ- 
ently arranged regards cylinders. balance the pistons arrange- 
ment four cylinders with the two pistons the same side engine, 
moving opposite directions, might arranged overhung double 
crank, the counterweight excess present engines might balanced 
the introduction vertically moving balance driven connecting 
rod from the crank wrist pin. The subject worth more attention 
than has been yet accorded it, for certain that the vibrations set 
the ground and contiguous buildings railway the unbal- 
anced counterweights high speeds must act prejudicially bridge 
structures. 
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THE CONSTRUCTION THE BRIDGE OVER 
THE ARKANSAS RIVER, VAN BUREN, 
ARKANSAS. 


WITH DISCUSSION. 


The following paper the substance report made the writer 
Mr. James Dun, Am. E., Chief Engineer the St. Louis 
and San Francisco Railway, upon the construction the bridge over 
the Arkansas River, Van Buren, Ark. 

great deal difficulty and delay was experienced first from the 
unusually high water the river, which may said there was 
intermission during the Spring 1885, until July, and fact until 
that time little work the actual construction was accomplished. 

found that above low water seriously interfered with any 
work foundations and feet proved enough stop work altogether. 

reference the profile (Plate XXIV) showing the stage water 
during the year, will noticed (the first work, viz., building caissons 
for Pier having been commenced April 10th), that April, May, June 
and July had different times enough high water stop all work, 
and the intervals between the rises were short that but little could 
accomplished. rise also took place September which stopped all 
work except Pier No. this rise, however, did not last long. 


| 
| | 
. 
— 


152 PURDON THE VAN BUREN BRIDGE. 


But little difficulty was experienced sinking any the caissons, 
will observed reference the diagram showing the sinking (Plate 
and the rock was found all piers, except No. almost 
level. good deal trouble was encountered with the caisson 
Pier also the sinking Pier was delayed bowlders. 

The character the bed rock was good; consists hard, clayey 
slate, which places overlaid inch two very tough blue 
clay, with which the seams the rock are also filled; also some 
places overlaid bowlders which are very hard, apparently clay and 
sand mixed, bright blue color, and showing specks mica iron 
pyrites. 

The average the elevations the rock the different piers 
finally established was almost identical with the original borings, piers 
and showing the greatest difference. This shown the appended 
statements for each pier. 

The timber used was yellow pine, from William Farrel’s mill 
Wrightsville, Ark., and was excellent quality. All the timber used, 
except bridge ties, came from this mill, and cost $9, $10 and $11 per 
thousand feet, board measure, the mill for 20, and feet lengths. 
The freight (172 miles) was about per thousand. 

the stone used, 366 cubic yards came from Mountainburg quarry, 
about miles north Van Buren. This stone was used Piers and 
only, was judged too soft put piers exposed strong cur- 
rent. somewhat yellow sandstone, showing traces iron, and 
weighs 139 pounds per cubic foot. 

Two hundred and thirty-eight cubic yards limestone were quarried 
near Garfield, Ark. Itis blue color, very hard, and weighs 158 pounds 
per cubic foot. was used for the lower courses Piers and 

All the rest the stone came from three quarries near Beaver sta- 
tion, the Eureka Springs Railway. This white limestone ex- 
cellent quality, and weighs 155 pounds per cubic foot. 

small quantity backing was quarried about three-quarters 
mile above the bridge site the north bank the river, where also 
was quarried all the stone crushed for concrete and that used for riprap 

Pier was first designed built open caisson; but for 
reasons stated hereafter under the head Pier caisson sunk the 
process was substituted. 
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matic process. 

all these caissons crib was built, filled with concrete. This 
crib was designed such height feet below low water 
when the caisson finally rested the bed rock. 

The working chamber all these caissons was filled with concrete 
after sinking. This concrete was carefully rammed place under the 
personal inspection members the engineer corps, who relieved each 
other this duty. 

After the caisson had been filled this manner, quantity grout 
was poured in, under air pressure, and the air pressure was continued 
from twelve eighteen hours after grouting. 

The greatest pressure used during the sinking was pounds per 
square inch, which was while filling the caisson Pier the water 
then being high. 

Piers and are each built grillage supported piles. This 
grillage described its appropriate place. 

These piles were driven hammer weighing 4700 pounds, as- 
sisted jet water, and some them required over three hundred 
and fifty blows, the average being about two hundred and eighty. They 
were all driven refusal, and are believed rock, the length 
the piles agrees with the level rock given borings. They were 
various kinds oak, hickory, elm and gum, and few sawed sticks 
12x pine were used. 

Pier was built concrete foundation the usual manner. 

The masonry generally was also delayed high water. Pier 10, 
which was rather advanced than retarded high water, was built 
May and June. Pier was built June and July, and all the 
rest the masonry between the August and the 
November. 

the latter piers two gangs were employed. The average number 
cubic yards laid each per working day was 21.95. 

The masonry excellent quality, both regards stone and work- 
manship, and although some bridges may excel exterior finish, 
think will compare favorably for solidity and workmanship with any 
railway masonry the country. 

But two deaths occurred during the building the 
one laborer employed the pneumatic work was drowned falling off 
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barge; and sub-foreman the employ the Union Bridge Com- 
pany died congestive fever. 

carpenter had his leg broken flying piece stump, which 
was dislodged blast the quarry near the bridge site. 

The were built and sunk William Sooysmith Son, 
Chicago, under sub-contract from the Union Bridge Company, and 
they showed great energy and skill their work. 

The masonry was built the Union Bridge Company, under the 

The superstructure consists two spans 252 feet inches, center 
center end pins, north the draw. 

One draw span, rim bearing, 366 feet, center center end pins. 

One span 252 feet inches, and four spans 162 feet, center center 
end pins, south draw; the total length bridge over all being 798 
feet. 

Considerable delay occurred account the iron not coming for- 
ward the proper time. For instance, the pivot pier was finished 
October 5th, but iron was received for the span until December 13th. 

Pier was finished July 20th, and Pier October 13th. Enough 
iron for this span (No. was not received until November 4th. 

Pier was finished June 9th, and August 29th. Enough 
iron for this span was not received until December 12th. 

Pier was finished September 30th, and Pier November 9th. The 
iron for these spans was not received until December 19th. 

The spans are all single intersection, feet wide the clear. The 
252 feet inches spans and the draw have inclined top chords. The 162 
feet spans have parallel chords. 

The last iron for the draw span was received January 22d, 1886, and 
the erection begun the 25th. The trusses were all coupled February Ist, 
and the first train, No. 17, south bound, passed over the bridge 
3.30 February 9th, 1886. 


the north abutment the bridge. According the contract, 
this pier was built bed concrete feet, built 
from the bed rock (elevation given, 350 feet, plus datum) low 
water (362.7) inside open caisson, open space inclosed with 
sheet piling. 
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April 14th, 1885, the pit was staked out and excavation begun, 
stopped high water the 22d. then remained untouched 
until June 16th, when was again started, stopped high water 
the 18th. 

After this, account the high bank behind the pit, and the diffi- 
culty already experienced from high water, the Union Bridge Company 
agreed with Sooysmith Son (the contractors for foundations) build 
and sink caisson and crib for the pier, size feet. 

Accordingly, August 14th, the caisson was commenced, being 
built position, and before being roofed over was sunk far pos- 
sible shoveling. The caisson and crib feet crib) being finished, 
the crib was filled with concrete, and air pipe laid from the pressure 
boat, which wasthen Pier3. rise the river prevented this plan 
sinking being carried out, and the river became too high continue 
work Pier the pressure boat was moved over Pier andsinking 
commenced September 10th. 

After the cutting edge had reached the depth feet below low 
water mass bowlders was encountered which had tobe broken 
blasting and other means and large amount them brought out 
through the air lock, which greatly delayed the sinking bed rock; 
this was finally reached September 25th. 

the concrete the crib the masonry was commenced, and con- 
sists three footing courses each feet high, with 9-inch offsets. 
these the neat work begins, feet inches feet, and carried 
with plumb sides, face with batter inches foot; and back 
plumb with three 9-inch offsets. The coping feet, and the 
back the ballast wall feet feet inches and feet inches 
high. 

The first footing course Eureka Springs limestone. Above this 
the pier Mountainburg sandstone feet below the coping. 
The rest the pier limestone. 

The elevation bed rock proved 351.15. 


Began excavating pit (1885).......... 14th. 
Began building caisson place. August 14th. 
Finished building caisson and crib............... September 3d. 
Finished concrete crib 4th. 
Finished sinking and began filling chamber...... 25th. 
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QUANTITIES AND WEIGHTS. 


Total contents 391.7 cubic yards. 
88.3 cubic yards limestone, 155 pounds per 
369 535 pounds. 
229.2 cubic yards sandstone, 139 pounds 
712 feet timber, per foot.. 165 204 
Concrete chamber..... 68.3 cubic yards. 
per cubic foot, 514 215 
222 barrels cement, 290 pounds........ 380 
315 barrels sand, 375 pounds.............. 118 125 


Less displacement, 11.55 cubic feet. 431 947 


(Water taken 62.33 pounds per foot.) 


Area foundation........... 600 square feet. 
Pressure from substructure: 
Per square foot 2773 
Superstructure and Load: 


252 feet inches truss, dead load, 536 pounds per foot. 
live load, 000 pounds per foot, 


224 
Half which belongs Pier 719 612. 


Pressure Foundation from Superstucture and Load: 


Per square foot 1199 
Total weight Foundation: 
Prer 


built caisson sunk bed-rock. The dimensions the cais- 
son are feet over all. The working chamber feet high, with 
walls two thicknesses pine, sheeted inside and outside, 
with 3-inch piank. The roof consists two courses pine. 

this caisson built crib the same outside dimensions. The 
walls are one thickness, sheeted outside with 
3-inch plank. has one longitudinal brace each alternate course, 
and four cross-braces each course between the longitudinal braces, 
all 12, and dovetailed into walls. This crib filled with concrete. 
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the preliminary borings, the elevation the bed rock this pier 
was given 342.5, and the caisson and crib were accordingly built 
feet inches high, commence the masonry feet below low- 
water. During the progress the work the elevation the rock was 
found much lower, the masonry was commenced larger than the 
original plans, allow for the increased depth. When the caisson 
reached the rock, the rock was found have fall down stream inches 
the length the chamber. The up-stream end rested the rock, 
also the sides various places. The rest the shoe was wedged 
blocks, and concrete rammed under the shoe the spaces 
between these blocks. 

The elevation the cutting edge, when finally resting the rock, 
was 338.47, and the top the concrete the crib 355.0. this 
elevation the masonry was commenced. consists two footing 
courses inches high and one inches high, the sizes being respect- 
ively 12.11 35.2; 34.2, and 33.2, all being built with 
square ends. the neat work begins feet wide and feet 
long between shoulders, with semicircular ends. 

The original plan was carry this masonry with batter inch 
per foot, finishing feet inches wide under coping; but plans the 
pedestals the fixed spans having been received from the Union Bridge 
Company, which showed that this size would only allow inches for in- 
accuracy location, sinking, etc., was decided carry this batter 
feet below the coping, finishing feet inches wide that point, 
and then reverse the batter and make inches per foot; then finishing 
under coping feet inches wide. 

The coping consists 16-inch course projecting inches. 

small part the backing was quarried the bridge site; all the 
rest the stone came from Eureka Springs quarries, except small 
part from Garfield quarry. 

There were some delays from high-water, and from want suitable 
stone; the building the caisson was also delayed high-water. 


Began building caisson April 10th. 
Launched caisson........ May 13th, 1.45 
Began filling working 
Stopped work; water over shaft............... June 27th, a.m. 
July 2d, 4.20 a.m. 
Stopped masonry for want stone........... 4th, 9.30 a.m. 
Last coping stone set ..... 18th, 6.50 


Coping grouted and pier finished............ 20th, 7.45 
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QUANTITIES AND WEIGHTS. 


387 cubic yards limestone, 155 pounds per cub 


Concrete chamber cubic yards. 
per cubic foot, 916 812 


Wrought and cast-iron 727 
barrels cement, 290 845 
Less displacement low water 894 402 
Pressure foundations: 
Substructure, per square foot........ pounds. 
Superstructure: 
252 feet inches truss, dead load, 536 pounds per foot and 


excess 050 per square foot, 14.22 per square inch. 
Total, 021 per square foot; 34.85 per square inch. 


also caisson similar Pier This pier was very un- 
fortunate its career. When launched (June 11th) the river was rising 
little, and was held the launching place put part the crib. 
was started for its position the 18th, towed the transfer boat 
B.” passing the locating piles they failed get line out, 
and the boat being unable manage the caisson, grounded 
bar about half mile below the bridge site. the evening rope was 
run from the locating piles, and the hoisting engine put The 
only effect this was break off two After the available 
steamboats, viz.: B,” and the ferry- 
boat tried tow up, but only succeeded getting afloat. Late 
the evening they took hold again, and finally succeeded getting 
into position the 19th. the 20th was located and 
concrete crib begun, which was continued the 23d, when the 
river began rising very fast, and the sand scouring out from the up-stream 
end the caisson; protect row piles was driven across the 
stream about feet above the caisson, and brush cut and weighted 
down with stone above them. The caisson was now good deal out 
line, the up-stream end being !ow. 
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July the river had fallen little, and the pressure barge was 
brought over and air put and part the false bottom got out, but 
the 4th the river again began rising, and the 5th the air had 
taken off and the boat moved away, she was danger from the heavy 
drift running. the much drift had caught the piles driven 
protect the caisson that they broke off, and the mass drift coming 
down against the air shaft (the caisson and crib being under water) 
broke off the top the crib, and the upper section containing the 
lock was the river. The caisson was now feet out level 
its length, and feet the direction the bridge, the northeast corner 
being the highest. Nothing more was done until August 27th, asa caisson 
for another pier could sunk quicker give employment the masons. 

good deal doubt was felt whether this caisson could 
used all, had moved down stream, and should pivot its up- 
stream end leveling, would much out place that the 
masonry could not put plan was suggested widen the 
up-stream end driving row timbers close and bolting 
them the caisson means diver, but was finally thought most 
advisable try and level the caisson pivoting the center and 
forcing the up-stream end rise came level. diver was employed 
take away the drift and logs, and when they were removed the work 
was commenced. 

The up-stream half the false bottom was still the caisson, and 
materially assisted this plan. The crib was finished, and the down- 
stream end filled with concrete and the work leveling commenced. 
was entirely successful, and September 5th the caisson was practi- 
cally level. 

was now found feet inches down stream, and feet inch 
south from its true position. The down-stream end and south side were 
accordingly kept low possible work back, and was finally 
got back far enough begin the masonry leaving out the offsets 
the up-stream end the footings and beginning the first footing course 
inches from the north side the crib. 

The masonry was begun September 8th, and two footing courses 
put on, when the river began rising again, and was obvious that 
the masonry could not kept above the water and that the caisson 
might move, was thought best stop work and not commence 
the neat masonry until the river fell again. Accordingly work was 
stopped until September 27th, when pressure was again put and the 
brought level. The neat work was then commenced (September 
29th), and all went well until the caisson touched rock October 5th. 
Filling the chamber then began, and was completed October 7th. 
Enough masonry was built keep the pier above ordinary rise, and 
was then left until the 15th, when was resumed and continued with 
delay few days until its completion. 
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Began building caisson 
Located 19th, 


Stopped for high-water 
Drift carried away air-lock....... 
Again began pressure August 27th. 
Began concrete crib September 6th. 
Began mason 
Stopped for high water..... 
masonry 
Began filling caisson 
Finished 
Finished masonry 


QUANTITIES AND WEIGHTS. 


Solid contents masonry 493.7 cubic yards. 
433.9 cubic yards limestone, 155 pounds per cubic 
foot (pounds) 815 871 
Concrete chamber.... yards. 


428.1, 130 per cubic foot. 502 631 
029 feet timber, pounds per foot......... 
Wrought and cast-iron foundations 378 


891 969 
245 415 


(pounds) 646 554 


Area foundation...... -702 square feet. 
Pressure foundations 


Superstructure and load 
252 feet inches truss, dead load, 536 pounds per foot. 
load one arm draw-span, 000 pounds per foot, 


From 
pounds per square foot; 9.30 per square inch. 
Total, 5.109 per square foot; per square inch. 


Drove piles up-stream for 
770.0 
26.19 
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Prer 


This pier carries the draw-span, and circular shape, feet 
diameter, and rests caisson sunk bed rock. 

The caisson octagonal shape, and measures feet inches 
across. The chamber has walls two thicknesses pine sheeted 
inside and outside with 3-inch plank. The roof consists four courses, 
12x12pine. this built crib the same outside dimensions 
the caisson. The walls are single, pine, sheeted outside with 
plank. There are three ties each course crib, alter- 
nating. This crib filled with concrete. 

The bottom footing octagonal shape and consists two 12-inch 
courses masonry, feet across. The second footing inches 
high, circular shape, and feet inchesdiameter. this the neat 
work built, feetdiameter. The copingis feet diameter, inches 
thick center pier and inches edges. 

difficulty was met with sinking the caisson, and the bed rock 
was found not more than inches out level the width the 
chamber. 


(No masonry built August 20th 28th, while filling chamber: 
Finished August 21st. 
QUANTITIES AND 
Total contents pier........... 001.8 cubic 
827.8 yards stone, 155 pounds per 
139 827 feet timber, pounds per 629 221 
Concrete chamber.... 198.4 cubic yards 
710. 
130 cubic foot.. 229 200 
Cement, 678} barrels 290........ 196 765 
Displacement, 15.942 4.828 29.7. cubic feet. 
First footing course............... 802.4 
second footing course....... 887.9 
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226.71 square feet. 
Pressure per square foot 


Superstructure and load: 
366 foot truss, dead load, 585 pounds per foot 946 110 
Turn-table, etc 124 190 
total load, 000 pounds per foot 000 excess.... 711 250 


452 pounds per square foot; 10.08 per square inch. 
Total, 927.2 pounds per square foot; 41.16 per square inch. 


Prer 


built caisson sunk rock. The caisson similar that 
the other piers, except that the short the crib are arranged 
differently, four being put one course and three the next course 
above, break joints. 


difficulties were encountered sinking this caisson. 
The pier similar all respects Pier being one foot wider than 
the other piers. 


Began building caisson 23d 
Launched September a.m. 
Located October 3d, 

13th. 
Began masonry 14th, 9.45 a.m. 
Finished sinking 18th, 
Began concrete chamber 18th, 


QUANTITIES AND WEIGHTS. 


Solid contents masonry 478 cubic yards. 
421.85 cubic yards limestone 155 pounds per foot 765 442 
91.0 


Concrete chamber 


468.5, pounds per foot. 435 
306 feet timber, pounds per foot..... 877 
Wrought and cast-iron foundation 
Wrought-iron masonry 
244 barrels cement, 290 pounds 
sand, 375 pounds 


Area 702 square feet. 
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Per Square Per Square 
Foot. Inch. 


Pressure Foundations from Substructure.... 805 26.4 


Superstructure the same Pier 


built caisson sunk bed-rock. The caisson and arrangement 
braces crib are the same No. 

difficulty was experienced sinking this caisson, which com- 
pleted the pneumatic work the bridge. 

Owing error the quarry, the first footing course this pier 
was duplicated and the contractors were allowed use it, thus making 
the first footing feet high, and the second feet. The pier is, other 
respects, similar Pier 


Began building caisson (1885)............ September 5th, 
Began concrete October 20th, 10.45 
Finished concrete October 26th 
Began October 27th, 8.10 a.m. 
Began concrete October 31st, 11.10 a.m. 
Finished concrete chamber. ......... November Ist, 11.15 p.m. 


QUANTITIES AND WEIGHTS. 


Total contents masonry........ 442.2 cubic yards. 
375.2 cubic yards limestone, 155 pounds per foot...... 570 212 
Concrete chamber. 91.0 cubic yards. 


449.4, 130 pounds per cubic foot, 


959 feet timber, pounds per foot......... 315 
Wrought and cast-iron foundations............... 651 
Wrought-iron 851 
250 barrels cement, 290 500 
3554 barrels sand, 375 133 312 
Less displacement low water........ 297 754 


Pressure foundations. 446.5 per square foot, 23.9 per square 
inch from substructure. 


3 
| 
| 
h 
4 


164 PURDON THE VAN BUREN BRIDGE. 


Superstructure: 
162 feet span, dead load, per foot, 2150.. ........... 348 300 
load, per foot, 000 000........ 526 000 
252 feet inches span, dead load, per foot, 536..... 640,974 


live load, per foot, 000+-40 000, 798 250 


313 524 
One-half which goes this 156 762 
648 per square foot, 11.44 per square inch. 


(pounds) 094.5 per square foot. 
35.34 per square inch. 


Prer 


built grillage supported eighty-four piles driven bed-rock. 

each course stepped }-inch smaller than the course below, was sunk 
feet below low water (the level the sand was low water). 
difficulty was encountered the sinking (which was done means 
Joliet pump inches diameter, and shoveling), except delay 
from high water. 

The eighty-four piles were driven seven rows twelve piles each, 
feet inches apart, center center, the direction the bridge, 
and feet inches apart right anglesto the same. These piles were 
driven refusal, and after being cut off feet below low water mark, 
made average 30.1 feet long. 

The space between the piles, from feet deep, was then filled 
with concrete, made cement, sand and broken stone, and the piles 
capped the direction the bridge, and the concrete brought level 
with the top the caps. grillage feetx inches thick 
was laid these caps and drift-bolted every intersection, and this 
the masonry was commenced, consisting three footing courses each 
feet high, with 9-inch offsets; this the neat work begins feet 
inches wide and feet long between shoulders, with semicircular ends, 
and similar Pier No. 


Began framing crib August 20th 
Began driving piles.......... September 26th 
Finished driving piles......... 4th, 
Piles sawed off ..... October 5th, 5.45 p.m. 
Finished concrete and began grillage.....October 8th, 10.30 a.m. 
Began October 9th, a.m. 
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QUANTITIES AND WEIGHTS. 


Total contents 385.7 cubic yards 

Excavation under 
336.6 cubic yards limestone, 155 pounds per 408 671 
488 pounds 9.744 tons per 637 116 
From superstructure and load: 
162 feet truss, dead load, 150 pounds per foot...... 348 300 
live load, 000 000............ 526 000 
874 300 


=10 408 pounds 5.204 tons per pile. 
Total, 896 pounds 14.948 tons per pile. 


built grillage supported eighty-four piles driven bed-rock. 

crib outside, made twelve courses 12x12 inch 
timber, each course being stepped one-half inch smaller than the 
course below it, was sunk feet below low water. was 
experienced sinking it, probably account the crib having 
batter, and the absence sheet piling, which was not the case with 
No. 

Sinking the crib was begun August 14th, and completed the 19th. 
The eighty-four piles were driven seven rows twelve each, feet 
inches apart, center center, the direction the bridge, and 
feet inches apart right angles the same. 

These piles were driven refusal, and after being cut off feet below 
low water mark, are average 27.61 feet long. 

The space between the piles, from feet deep, was then filled 
with concrete cement, sand, and broken stone; the piles 
were then capped the direction the bridge, and the concrete 
brought level with the top the caps; next grillage feet 
was laid these caps, drift bolted every intersection, and this the 
masonry was commenced, consisting three footing courses, each feet 
high, with 9-inch offsets. this the neat work begins, feet inches 
wide, feet between shoulders, with semicircular ends, and carried 
similar the other piers. 
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Began crib July 30th. 
Total contents cubic yards. 

WEIGHTS. 


cubic yards stone, 155 pounds per cubic foot... 204 


201 barrels cement, 290 pounds 290 

Superstructure same Pier 

408 pounds per pile, or............. 5.204 
Total, 949 pounds, 14.974 tons per pile. 


built grillage supported piles driven rock. 

was sunk depth feet inches below low water. 

this crib eighty-four piles were driven seven rows twelve 
piles each, distant apart, center center, feet inches the direc- 
tion the bridge, and feet inches right angles the same. 

These piles were cut off the level feet below low water, and 
capped with pine the direction the bridge. 

The pit was then filled with concrete cement, sand, and 
broken stone, the top the caps. 

solid floor pine was then laid these caps, feet, 
and drift bolted every intersection, and this floor the masonry was 
commenced (at low water mark). 

After beginning the masonry the space between the grillage and the 
crib was filled with concrete. 

The masonry consists three footing courses, respectively feet 
inches, feet inches and feet inches, with 9-inch offsets. 
these the neat work begins, feet inches wide, feet between 
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shoulders, with semicircular ends, and similar all respects the 
other fixed piers. 

good deal was encountered putting the foundation 
this pier. The sand being about feet above low 
water, the work excavating the pit down water level was begun 
April 18th, and had stopped April 22d, account high water. 

Nothing more was done until June 6th, when excavation was again 
started, and the coffer dam, crib, put place the 12th. 

row close piles, 12, was then driven around the crib, about 
one foot from it, for the purpose preventing the sand from running 
in. These piles were all driven the 17th, and the 27th the work 
was again stopped high water, and resumed July 2d, when 
additional row close piles, 12, was begun around The 
work was again stopped July 5th high water, and nothing done until 
July when (the water being low enough) the sheet piling was com- 
pleted, and the work sinking resumed the 23d. 

August Ist, the bottom the crib being then feet inches be- 
low low water, the pump used 6-inch Bush pump) broke down, and 
save time was decided not sink the crib any further, only 
had inches more sink comply with the specifications. 

August driving piles began, and was completed August 10th. The 
piles were driven refusal, and the average length, after cutting off, 
26.31 feet. 

The rock varied height about feet. 

sinking the crib the sand was removed shovels and hoisting; 
the pump being used keep the water down. 

Subsequent experience Pier would lead the belief that this 
crib could have been sunk half the time had sheet piles been 
driven, and the crib built with cutting edge and battered sides. 


Began sheet piling inches). 2d. 


Total contents masonry...... 378.5 cubic yards, 
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Excavation above 200 


QUANTITIES AND WEIGHTS. 


303.2 cubic yards stone, 155 pounds per foot........ 268 892 
barrels cement, 290 pounds 200 
barrels sand, 375 pounds 103 969 


652 pounds, 8.826 tons per pile. 
Superstructure same Pier 
408 pounds, 5.204 tons per pile. 
060 pounds, 14.030 tons per pile. 


built concrete foundation. The level the ground the pier 
was average elevation 397. 

pit was excavated bottom, and feet height con- 
crete placed it; the bottom being elevation 376.17, and 
this the masonry was commenced May 8.35 

The masonry consists three footing courses, each feet, with 
inch offsets, and these the masonry begins, feet feet inch, and 
carried plumb back and ends, and with batter inches per 
foot face the under side the coping; finished feet feet 
inches. 

The coping inches thick and feet feet inches. 

The ballast wall feet feet inches, and feet inches high. 

All the masonry, except coping and ballast wall, which are Eureka 
Springs limestone, sand-stone from quarry near Mountainburg, 
Arkansas. 


Finished concrete............. 


Total contents eubic yards. 


* First stone of bridge. 
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68.8 cubic yards concrete, 130 pounds per foot........ 241 488 
barrels cement and 124 barrels sand, viz.: 


19.6 cubic yards limestone, 155 pounds 026 

Area foundation........... 465 squure feet. 
Pressure from substructure: 

933 pounds per square foot....... 13.4 pounds per square inch. 

Superstructure: 


162-foot truss—total dead and live load, 874 300, half which goes 

abutment—940 pounds per square foot, 6.52 pounds per 
square inch. 

pounds per square foot, 19.92 per square inch. 


CEMENT. 


The cement used was all from the Western Cement Association 
Louisville, Ky., and with the exception two car loads was the ‘‘Speed 
Mills” brand. Two car loads were obtained put paper sacks con- 
taining about one bushel each. this cement seemed poor quality, 
and did not come the specifications, not having the name 
it, more was used. 

The were that the cement should capable stand- 
ing tensile strain pounds per square inch when mixed pure, 
exposed for thirty minutes air and twenty-four hours under water. 

000 barrels tested, only twenty-eight failed stand this test and 
were accordingly rejected. 

The average tensile strength the 000 tested was 88.6 pounds per 
square inch. 

Tests were made mixing the cement with little water possible 
while making coherent mass. this briquette was moulded and 
exposed thirty minutes air and twenty-four hours under water, after 
which was broken Fairbanks testing machine, which was auto- 
matic its action. 

For experiment, some other tests this cement were made, with the 
following results 

Mixed above and exposed seven days under water, 800 barrels 
averaged 120.6 pounds. 

Also number briquettes were kept for longer period and tested 
with the following results 


days under water...... 250 pounds. 
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Two different lots about twelve briquettes each were mixed 


cement 


strength 12.2 and pounds respectively. 
lot mixed cement sand after twenty-four hours under water 
showed strength pounds. 
lot mixed cement sand after twenty-four hours under water 
showed strength pounds. 


Also lot mixed cement 


water showed strength 20.4 
adding the various amounts used the work, and adding 
what was left over, and what was known wasted, only eight barrels 
are unaccounted for. 
total 892 barrels was used the work, which was distributed 


below 


WorkInc CHAMBERS, | 


Prer. 
Concrete, 


Cubic Yards 


91 


“ 


no chamber) 


sand, and after twenty-four hours under water showed 


sand and exposed seven days under 


CRIBS. SHaFTs. 

1.02 334.4 297 0.89 2.7 0.9 


William Sooysmith Son, Contractors for Substructure 
Barge for pressure machinery........ 


concrete mixer....... 
stone, sand, etc....... 


“ec 


56, feet deep. 


50, 
50, 
50, 
44, 
48, 
30, 
30, 


“ce 


Pressure machinery one double and one single Ingersoll 
Air Compressor with one and one horse-power boiler. 
boat was double Worthington pump for jet. 

double engine run concrete mixer. 
hoisting engine derrick barge, and 
Foster rock crusher and engine. 


same 
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Masonry Department, Union Bridge Company 
barges 55, feet deep, each with derrick and hoisting 
engine, for handling stone. 
barges 50, feet deep, for sand and cement. 
derricks stone yard worked hoisting engines. 
Union Bridge Company, for foundations and erecting 
barge 55, feet deep, for pile driver and jet pump. 
small coal barges. 
number skiffs. 
large hoisting engine for land pile driver. 
hoisting engine (detached), with horizontal boiler boat for 
pile driver and Cameron pump. 
hoisting engines. 
Joliet pump. 
Bush pump. 
double Cameron force pump (on pile driver boat). 
pile drivers (land), one with 700-pound hammer. 
derricks for unloading and (on trestle) for loading iron. 


Original Actual Difference 

Elevation. Elevation. + or —. 

328 331.24 3.24 
330 330.90 0.90 


Difference favor Union Bridge Company 


TRIANGULATION AND LOCATION 


base line was measured the south bank the river, both 
and down stream from axis bridge, and series triangles made 
point the north bank. When the distance had been determined 
closely was possible (instrument reading seconds) doubling 
and trebling the angles, the distance from the base line Pier was 
laid off each base line, and from those points the several distances 
the piers were carefully measured out both and down stream, and 
points set. points angles degrees were turned and refer- 
ence points put north bank river, that locating pier 
three lines were available check each other, viz., the center line 
and two lines angle degrees it. 

was found locating the piers that these lines agreed very closely 
inch), except Pier where there was difference 
inches. This was then checked wire from Pier and the line 
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which most nearly with the wire used correct. the 
pier being finished and the false work erected this distance was found 
exact. 

The caissons were located first locating the pile-driver boat, and 
driving two piles each corner the place where the caisson should 
be, and feet distant from the caisson. When the caisson was floated 
into position was moored these piles, and the center line being 
marked it, was brought into exact position, defined, three 
transits shore; one the axis the bridge and the other two 
reference points and down stream. Afterwards, during sinking and 
building masonry, only one base line was used until the masonry was 
finished, when the center for the span was given three transits, 
first. 

measuring the base line steel wire for the purpose and 
300 feet long was used. First length 300 feet was measured very 
carefully and repeatedly with standard 50-foot steel tape, and the 300- 
foot wire stretched over this distance with spring balance the end; 
the amount pull required make the 300 feet being noted and after- 
wards used measuring the base lines. 

pile foundation concrete around heads piles and grillage. 


100 barrels (in sacks), mixed rest, 


CEMENT Masonry. 


| Barrels (Barrels per 
| 

2. 436.2 230 0.54 
3. 491 264 0.54 
987.4 | 783 | 0.70 
5. 471 244 0.51 
6 434.2 250 0.57 
7 385.7 2144 0.55 
_ 386.7 201 0.52 
4,523.9 | 2,568} 0.57 


Beds and joints masonry laid mortar cement 
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SPECIFICATIONS FOR SUPERSTRUCTURE. 


General Description.—The Bridge shall consist one draw pivot 
span 370 feet from centers piers supporting the adjoining fixed 
spans, three fixed spans 256 feet each from center center piers 
and four fixed spans 165 feet each from center piers. The 
spans shall arranged directed the Chief Engineer the St. 
Louis and San Francisco Railway, and shall designed permit floor- 
ing over the cross-ties fit for highway well railway bridge- 
The stringers support the track and proposed floor shall arranged 
approximately below, there being four lines main track stringers 
and suitable supports riveted the floor-beams for two lines auxil- 
iary stringers. 


The draw pivot span shall constructed latest and most 
approved designs. The turn-table shall rim-bearing. All cast-iron 
surfaces beams, rim and track shall planed. The circular girder 
will wrought-iron, feet diameter. Wheels shall least 
inches diameter and inches tread, and turned uniform size and 
the best car-wheel iron. The turning gear, elevating screws and 
connecting shafting shall the best class finished machine work. 
The latches shall the usual character, and, well the elevating 
screws, will worked from the pivot pier. Hand power will used 
work the and suitable gearing shall provided. 

Open-hearth steel quality and strength hereinafter specified 
may used the bottom chords, end posts, main ties and pins 
the three 256-foot spans, and the The allowable strains 
per square inch for steel used shall be: 

per cent. above strain allowed for wrought-iron. 

tension—40 per cent. above strain allowed for wrought iron. 

shearing—30 per cent. above strain allowed for wrought-iron. 

the distance between centers end pins for trusses, and between cen- 
ters bearing plates for all beams and girders. 

There shall clear head-room feet above the base the 
rails, and clear width feet. 

The wooden floor will consist transverse floor timbers, extend- 
ing the full width the bridge, supporting the rails and guard beams. 
Their scantling will vary with They will furnished 
and put the Railroad Company. 

Spans shall proportioned carry the following loads: 

First.—The weight iron steel the structure. 


Head-room. 


Floor. 


Dead load. 


Live loads. 


AP 


Stresses. 


Lateral 
Stresses. 


Temperature. 
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Second.—A floor weighing 950 pounds per lineal foot track, 
consist the rails, ties and guard timbers only. 

These two items, taken together, shall constitute the dead 

The live load shall follows: 


For chord strains trusses—3 000 pounds per lineal foot 
bridge. 

For web strains trusses—5 000 pounds per lineal foot for 
length feet and 000 pounds per lineal foot remain- 
der span. 

For auxiliary stringers—800 pounds per lineal foot. 

For main track stringers—(16-foot panel) 400 pounds per lineal 
foot. 

For main track stringers—(18-foot panel) 300 pounds per lineal 
foot. 

For main track stringers—(20-foot panel) 200 pounds per lineal 
foot. 

For main track stringers—(22-foot panel) 100 pounds per lineal 
foot. 

For main track stringers—(24-foot panel) 000 pounds per lineal 
foot. 

For panel) pounds, distributed 
AAAA diagram. 

For floor-beams—(18-foot panel) 102 000 pounds, distributed 
AAAA diagram. 

For panel) 108 000 pounds, distributed 
AAAA diagram. 

For 114 pounds, distributed 
AAAA diagram. 

For floor-beams—(24-foot panel) 120 000 pounds, distributed 
AAAA diagram. 

The maximum strains due all positions the above 
and the ‘‘dead load,” shall taken proportion 
all the parts the structure. 


provide for wind strains and vibrations, the top lateral bracing 
deck bridges, and the bottom lateral bracing through bridges, 
shall proportioned resist lateral force 500 pounds for each foot 
the span; 300 pounds this treated moving load. 

The bottom lateral bracing deck bridges, and the top lateral bracing 
through bridges, shall proportioned resist lateral force 200 
pounds for each-foot the span. 

Variations temperature, the extent 150 degrees, shall 
provided for. 

All parts shall designed that the strains coming upon them 
can accurately calculated. 


€ 
174 
ewe 
| 
— 


PURDON THE VAN BUREN BRIDGE. 


Strain sheets and general plan, showing the dimensions the 
parts and general details, must accompany each proposal. 
10. Upon the acceptance proposal, full set working draw- 
ings must submitted for approval the Chief Engineer the Rail- 
road Company, before the work commenced. 
11. Unless otherwise specified, the form truss may selected Form 
the builder; but secure uniformity appearance, desired that 
all ‘‘through trusses shall built with inclined end-posts. 
12. comparing competitive plans, the relative cost the wooden 
floors required will taken into consideration. 
13. The following clauses are all intended apply iron construc- 
tion. Parties proposing substitute steel for particular parts will 
required furnish evidence its strength, elasticity, uniformity 
production and adaptability the intended purpose. 


PROPORTION 


All parts the structure shall proportioned that the maxi- Tensile Strains. 
mum strains produced shall case cause greater tension than the 
following: 


Pounds per 
Square Inch. 
solid rolled beams, used cross beams and stringers. 
bottom chords and main diagonals..... 
counter rods and long 000 
flange riveted cross-girders, net section........ 000 


bottom flange riveted longitudinal plate girders over 
bottom flange riveted longitudinal plate girders under 


floor-beam hangers, and other similar members liable 


Compression members shall proportioned that the maximum 
load shall case cause greater strain than that determined the 
following formulas: 


for square end compression members. 


for compression members with one pin and one 


for compression members with pin bearings. 


000 
P 
000 
000 
000 
000 


Shearing 
Strains, 


Bending 
Strains. 


Plate 
Girders. 
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the allowed compression per square inch cross-section. 

the least radius gyration the section inches. 

The lateral struts shall proportioned the above formulas 
resist the resultant due assumed initial strain 10000 pounds 
per square inch upon all the rods attaching them, produced ad- 
justing the bridge. 

beams and girders, compression shall limited follows: 


Pounds per 

Square Inch. 

rolled beams, used cross floor-beams and stringers...... 600 

riveted plate girders, used floor beams, gross section.... 000 
plate girders over feet long, gross 

longitudinal plate girders under feet long, gross 


Members subjected alternate strains tension and compression 
shall proportioned resist each them. The strains, however, 
strain. 

The rivets and bolts connecting all parts the girders must 
spaced that the shearing strain per square inch shall not exceed 
pounds, nor the pressure upon the bearing surface exceed 
000 pounds per square inch the projected semi-intrados (diameter 
thickness piece) the rivet bolt hole. 

Pins shall proportioned that the shearing strain 
exceed 500 pounds per square inch; nor the crushing strain upon the 
projected area the semi-intrados (diameter thickness piece) 
any member connected the pin greater than 12000 pounds per 
square inch; nor the bending strain exceed pounds per square 
inch, when the centers bearings the strained members are taken 
the points application the strains. 

case any member subjected bending strain from local 
loadings (such distributing floors deck bridges), addition the 
strain produced its position member the structure, must 
proportioned combined strains. 

Plate girders shall proportioned upon the supposition that the 
bending chord strains are resisted entirely the upper and lower 
flanges; and that the shearing web strains are resisted entirely the 
web-plate. 

10. The compression flanges beams and girders shall stayed 
against transverse crippling, when their length more than thirty times 
their width. 

11. The unsupported width any plate subjected compression 
shall never exceed thirty times its thickness. 
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12. members tensile strains, full allowance shall 
for reduction section rivet-holes, screw-threads, 

13. the web-plates shall not have ashearing strain greater 
than 000 pounds per square inch, and web-plate shall less than 

14. wrought iron shall used less than inch thick, except 
places where both sides are always accessible for and painting. 


CoNSTRUCTION. 


All the connections and details the several parts the structure 
shall such strength that upon testing, rupture shall occur the 
body the members rather than any their details connec- 
tions. 

Preference will had for such details will most acces- 
sible for inspection, cleaning and painting. 

The web plate girders must spliced all joints plate 
oneach side the web. must not used for splices. 

When the least thickness the web less than the depth 
girder, the web shall stiffened intervals not over twice the 
depth the girder. 

The pitch rivets all classes work shall never exceed 
inches, nor sixteen times the thinnest outside plate, nor less than 
three diameters the rivet. 

The rivets used will generally and inch diameter. 

The distance between the edge any piece and the center 
rivet-hole must never less than inches, except for bars less than 
inches wide; when practicable shall least two diameters the 
rivet. 

When plates more than inches wide are used the flanges 
plate lattice girders, extra line rivets, with pitch not over 
inches, shall driven along each edge draw the plates together, and 
prevent the entrance water. 

punching plate other iron, the diameter the die shall 
case exceed the diameter the punch more than inch. 

10. All rivet-holes must accurately punched that when the 
several parts forming one member are assembled together, rivet inch 
less diameter than the hole can entered, hot, into any hole, without 
reaming straining the iron drifts.” 

11. The rivets, when driven, must completely fill the holes. 

12. The rivet heads hemispherical, and uniform size for 
the same sized rivets the work. They must full and 
neatly made, and concentric the rivet-hole. 

13. Whenever possible, all rivets must machine driven. 

14. The several pieces forming one built member must fit closely to- 
gether, and when riveted shall free from twists, bends open joints. 
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15. All joints riveted work, whether tension compression 
members, must fully spliced, reliance will placed upon abut- 
ting joints. The ends, however, must dressed straight and true, 
that there shall open joints. 

16. The heads eye-bars shall proportioned that the bar will 
break the body instead the eye. The form the head and the 
mode manufacture shall subject the approval the chief engi- 
neer the railroad company. 

17. The bars must free from flaws, and full thickness the 
necks. They shall perfectly straight before boring. The holes shall 
the center the head and the center line the bar. 

18. The bars must bored exact length, and the pin hole 
larger than the diameter the pin. 

19. The lower chord shall packed narrow possible. 

20. The pins shall turned straight and smooth, and shall fit the 
pin holes within inch. 

21. The diameter the pin shall not less than two-thirds the 
largest dimension any tension member attached it. Its effective 
length shall not greater than the breadth the foot the post, plus 
four times the diameter the pin. The several members attaching 
the pin shall packed close together, and all vacant spaces between the 
chords and posts must filled with wrought-iron filling rings. 

22. All rods and hangers with screw ends shall upset the ends, 
that the diameter the bottom the threads shall inch larger 
than any part the body the bar. 

23. All threads must the United States standard, except the 
ends the pins. 

24. Floor beam hangers shall placed that they can readily ex- 
amined all times. When fitted with screw shall provided 
with check nuts. 

25. When bent loops are used, they must fit perfectly around the pin 
throughout its semi-circumference. 

26. Compression members shall wrought-iron open hearth 
steel approved forms. 

27. The pitch rivets for length two diameters the ends shall 
not over four times the diameter the rivets. 

28. The open sides all trough-shaped sections shall be. stayed 
diagonal lattice work, distances not exceeding the width the mem- 
ber. The size bars shall duly proportioned the width. 

29. All pin-holes shall reinforced additional material not 
exceed the allowed pressure the pins. These re-inforcing plates 
must contain enough rivets proportion pressure which 
comes upon them. 

30. Pin-holes shall bored exactly perpendicular vertical plane, 
passing through the center line each member, when placed 
position similar that occupy the finished structure. 
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31. The ends all square-ended members shall planed smooth, 
and exactly square the center line strain. 

32. All members must free from twists bends. Portions ex- 
posed view shall neatly finished. 


Abutting 
Joints. 


33. The sections the top chord shall connected the abutting 


ends splices sufficient hold them truly position. 

34. case shall any diagonal rod have less area than 

35. The attachment the lateral system the chords shall 
thoroughly efficient. connected suspended floor-beams, the latter 
shall stayed against all motion. 

36. All through bridges with top lateral bracing shall have wrought- 
iron portals, approved design, each end the span, connected 
rigidly the end posts. 

37. When the height the trusses exceeds feet, overhead diagonal 
bracing shall attached each post and the top lateral struts. 

38. All bed plates must such dimensions that the greatest 
pressure upon the masonry shall not exceed 250 pounds per square inch. 

39. All spans shall have one end nests turned friction rollers, 
formed wrought-iron, running between planed surfaces. The rollers 
shall not less than inches diameter, and shall proportioned 
that the pressure per lineal inch rollers shall not exceed the product 
the square root the diameter the roller, inches, multiplied 
500 pounds (500 

40. All spans shall given camber, making the panel lengths 
the top chord longer than those the bottom chord the proportion 


All wrought-iron must tough, fibrous and uniform char- 
acter. shall have limit elasticity not less than 26000 pounds 
per inch. 

Finished bars must thoroughly welded during the rolling, and 
free from injurious seams, blisters, buckles, cinder spots imperfect 
edges. 

For all tension members the muck bars shall rolled into 
and again cut, piled and rolled into finished sizes. They shall stand the 
following tests: 

pieces flat, round square iron, not over inches 
sectional area, shall have ultimate strength 50000 pounds per 
square inch, and stretch 12} per cent. their whole length. 

Bars larger sectional area square inches, when tested the 
usual way, will allowed reduction 1000 pounds per square inch 
for each additional square inch section down minimum 000 
pounds per square inch. 
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When tested specimens uniform sectional area least 
square inch for distance inches, taken from tension members 
which have been rolled section not more than square inches, the 
iron show ultimate strength 52000 pounds per square inch, 
and stretch per cent. distance inches. 

Specimens taken from bars larger cross-section than inches 
will allowed reduction 500 pounds for each additional square inch 
section, down minimum 50000 pounds. 

The same sized specimen taken from angle and other shaped iron 
shall have ultimate strength 50000 pounds per square inch, and 
elongate per cent. inches. 

The same sized specimen taken from plate iron shall have ulti- 
mate strength 48000 pounds, and elongate per cent. 

Alliron for tension members must bend cold for about degrees, 
curve whose diameter not over twice the thickness the piece, 
without cracking. least one sample three must bend 180 degrees 
this curve without cracking. When nicked one side and bent bya 
blow from sledge, the fracture must nearly all fibrous, showing but 
few crystalline specks. 

Specimens from angle, plate and shaped iron must stand bending 
cold through degrees and curve whose diameter not over three 
times its thickness, without cracking. 

When nicked bent, its fracture must mostly fibrous. 

Rivets and pins shall made from the best double refined 

10. The cast-iron must the best quality soft gray iron. 

11. All facilities for inspection iron and workmanship shall 
furnished the contractor. shall furnish without charge such 
specimens (prepared) the several kinds iron used may 
required determine their character. 

12. Full-sized parts the structure may tested the option 
the chief engineer the railroad company; but tested destruction, 
such material sha!l paid for cost, less its scrap value, the con- 
tractor, proves satisfactory. does not stand the specified tests 
will considered rejected material, and solely the cost the 
contractor. 


STEEL. 


The steel shall manufactured the open-hearth process; Bes- 
semer steel will not accepted, unless satisfactory the chief engineer 
the railway company. small ingot shall cast from every charge, 
and from this ingot sample bar inch diameter shall rolled; 
this bar fails meet the requirements the laboratory tests, the 
whole charge shall rejected. 

Steel used the compression members, bolsters, bearing plates, pins 
and rollers shall contain not less than nor more than one per 
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cent. carbon, and less than one per cent. phosphorus. 
sample test bar, inch diameter, shall bend 180 degrees around 
its own diameter without sign crack flaw. The same bar tested 
lever machine shall show elastic limit not less than 000 pounds 
and ultimate strength not less than 000 pounds per square inch; 
shall elongate least per cent. length inches before break- 
ing, and shall have reduced area per cent. the point fracture. 
shall incapable tempering. 

Steel for rivets and eye-bars shall contain not more than one 
per cent. carbon and less than one per cent. phosphorus. 
sample bar inch diameter shall bend 180 degrees, and set 
back upon itself without showing crack flaw; when tested lever 
machine shall have elastic limit not less than 000 pounds, and 
ultimate strength not less than 000 pounds per square inch; 
shall elongate least per cent. length inches, and shall show 
least per cent. the point fracture. full sized 
bars this steel shall have elastic limit least 000 pounds, and 
ultimate strength least 000 pounds per square inch; shall 
elongate per cent. before breaking, and for strains less than 000 
pounds per square inch shall show modulus elasticity between 000 
000 and 000 000 pounds. 

Facilities for testing the sample bars shall furnished the con- 
tractor point convenient the steel works, and the tests shall 
made the expense the contractor and under the direction the 
chief engineer. 

The steel plates for the chords and end posts shall rolled 
universal 

Steel pins shall not hammered, but rolled between gothic rolls. 

The riveted steel work used shall punched with holes not larger 
than inch diameter; the several parts each member shall 
then assembled, and the holes shall reamed inch 
diameter, least inch being taken out all around; the sharp 
edge the reamed hole shall trimmed make slight fillet 
under the rivet head, and the pieces shall riveted together without 
taking apart; all rivets steel members shall steel; they shall 
such size that they will fill the hole before driving, and, whenever 
possible, shall driven power. All bearing surfaces shall truly 
faced. The chord pieces shall fitted together the shop, lengths 
least five panels, and marked; when fitted, there shall per- 
ceptible wind the length laid out. The pin-holes shall bored truly, 
equally distant, parallel with one another and right angles 
the axis the member. 

far possible, all rivets shall driven power. The holes for 
the rivets connecting the floor-beams with the posts, and with the bolst- 
which must driven after erection, shall accurately drilled 
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templet; these holes shall inch diameter, and the rivets 
inch diameter before driving. The pin-holes the vertical post 
shall truly parallel with one another and right angles the axis 
the post. 

Power riveters shall direct acting machines worked steam, 
hydraulic pressure compressed air, and capable holding the 
rivet when the upsetting completed. Cam riveters will not 
allowed. 

The heads steel eye-bars shall formed upsetting and forging 
into shape, such other process may accepted the engineer; 
welds will allowed. After the working completed, the bars shall 
annealed heating them uniform dark red heat throughout their 
entire length, and allowing them cool slowly. Four sample bars 
sizes required the work shall first manufactured the contractor, 
and tested under the direction the engineer; these bars shall meet the 
requirements above specified, and least three them shall break 
the body the bar. the tests these four bars are satisfactory, the 
contractor shall proceed with the manufacture the full order steel 
bars for the work, and from the bars manufactured the inspector 
shall, from time time, select six bars tested breaking, which 
bars shall also conform the requirements the specifications. 
Should these test bars fail meet the requirements the specifications, 
the whole lot bars may rejected. required the chief engi- 
neer, all finished tension members steel shall tested strain 


000 pounds per square inch before shipment, and bars showing 
permanent set other defect under this test shall rejected. 


WoRKMANSHIP. 


All workmanship shall first-class every particular. 

Abutting joints the trusses shall exact contact 

Bars which are placed side side the structure shall 
bored the same temperature, and such equal length that, upon 
being piled each other, the pins shall pass through the holes both 
ends without driving. 

Whenever necessary for the protection the thread, provision 
shall made for the use pilot nuts erection. 


All work shall painted the shop with one good coat 
selected iron-ore paint and pure linseed oil. 

riveted work, all surfaces coming contact shall painted 
before being riveted together. 

Bed plates, the inside closed sections, and all parts the work 
which will not accessible for painting after erection, shall have two 
coats paint. 


PURDON THE VAN BUREN 183 


Pins, bored pin-holes and turned friction rollers shall coated 
with white lead and tallow before being shipped from the shop. 

After the structure erected, the iron work shall thoroughly 
and evenly painted with two additional coats paint, mixed with pure 
linseed oil, such color may directed, the tension members being, 
however, generally lighter color than the compression members. 


The cofttractor shall furnish all false work and other staging (the 
plan and construction which must approved the chief engi- 
neer), and shall erect and adjust all the iron work complete. 

The contractor shall conduct all his operations not im- 
pede the running the trains, the operations the road. 

The contractor shall assume all risks accidents men 
material during the manufacture and erection the bridge. 

The kept free for navigation during the construction 
and erection the bridge, and completion all temporary work shall 
removed, leaving the river entirely unobstructed except actual 
space occupied the masonry. 


SPECIFICATIONS FOR THE SUBSTRUCTURE. 


The substructure shall include the foundations and masonry the 
bridge shown the plans and profile furnished the railway com- 
pany. 


Location Piers.—The piers will located shown plans, 
unless should deemed advisable move the draw-span further 
north, which case there will two piers north the pivot-pier and 
seven piers south the pivot-pier instead the three piers north 
the pivot-pier and six piers south it, shown plan. 


Designation and Description Piers.—The piers are numbered 

Pier No. will abutment pier, and will rest the underlying 
bed-rock. 

Piers Nos. and will the channel the river, and 
shall founded caissons the underlying bed-rock. 


sinking the caissons, the pneumatic process will pre- 
ferred, offering the most satisfactory method securing the desired 
result; but other plans, involving the use open caissons wood 
wrought-iron, will considered, the railway company reserving the 
right reject any all plans 


The caissons shall constracted plans furnished the 
engineer, upon other suitable plans approved him. 
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The frames shall oak yellow pine timber. The outside 
sheathing shall consist two thicknesses 3-inch oak plank, the 
planks the inside course inclined angle degrees. 

The working-chamber shall lined with 3-inch oak yellow 
pine plank, jointed and 

Each course timber the sides shall fastened the course 
below, with drift bolts not more than feet apart. These drift bolts 
shall inch square, and shall reach through two courses timber 
and inches into the next course, being generally inches long. The 
oak sheathing shall spiked with wrought-iron 
spikes. least two spikes per square foot shall used each course 
planking. 

Cutting edges wrought iron plate shall provided required. 
the engineer. 

The crib work above the working-chamber shall filled with 
concrete, the surface which shall kept above water, necessary 
openings being left for working and supply shafts. 

The caissons shall sunk the pneumatic process, the sand 
other material being removed suitable apparatus for the purpose. 

The air pressure shall all times maintained the caisson. 
Two independent air compressors shall furnished, each sufficient 
capacity maintain the pressure the caisson. 

10. The position the caisson shall not any time vary more than 
inches from its correct position determined the engineer. 

11, The caisson shall not vary more than inches from level 
its length inches its width while being sunk, and shall brought 
level when completed. 

12. The crib-work and concrete above working-chamber shall built 
within feet below low-water mark determined the engineer. 

13. close joint shall made between the cutting edge the 
caissons and the bed-rock, either cutting away the rock ramming 
bags concrete into the spaces between the cutting edge the caisson 
and the rock, the engineer may direct. 

All sand, mud other objectionable material shall removed 
from the working-chamber reaching the rock, and shall filled 
with concrete thoroughly rammed. 

15. The masonry begun when the concrete and crib-work 
ready for it—the course being least feet below low water. 
All shafts left open during the progress the work shall filled with 
concrete, may directed the engineer. 

Piers Nos. and will have pile foundation. 
open caisson, feet and feet high, built 12x12 
pine oak pinned together with oak trenails and planked the out- 
side with one course 3-inch oak plank, shall sunk least feet 
below low water dredging from the inside. 
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the interior this crib eighty-four piles shall driven the 
rock, either water jets hammer suitable weight and fall. 

The piles shall oak cypress, not less than inches 
diameter the small end, nor less than inches the large end, and 
shall sound and straight. 

The piles shall cut off square and level feet below low 
water and capped with two courses 12x12 oak. The lower 
course timbers shall fastened each pile with inch drift-bolts 
inches long; and the second course fastened the first course each 
intersection with inch drift-bolts inches long. 

The space around the piles and between the timber crib-work 
shall filled with concrete level with the top the grillage, which 
the masonry shall started. 

Rip-rap disposed around the foundation directed 
the engineer. 

Pier will have concrete foundation shown plan. 

Concrete shall made one part cement, two sand, and 
three five parts broken stone, directed the engineer. 

shall thoroughly mixed and well rammed, especially the 
working-chambers. 

The stone for concrete shall broken pass through 2}- 
inch ring, and shall entirely free from dirt other foreign matter. 

Rip-rap shall disposed about piers elsewhere, directed the 
engineer. One-third shall stone that will average one-third 
cubic yard size, and the remainder range size from cubic feet. 

All masonry shall conform the dimensions and plans furnished 
the engineer. 

Masonry will first-class, pitched-draught, rock-face work, built 
regular courses. 

The rock-face shall not project more than inches beyond the 
pitch line joints. 

course shall less than inches thick, nor overlie one 
less 

The stones shall rectangular form. 

stretcher shall less than feet long, and case shall 
the upper lower bed less than one and one-half times the thickness 
the 

Headers shall not less than feet long, nor less than three times 
the thickness the course, and shall least wide high. Not 
less than per cent. the face the wall shall consist headers. 
Headers and backing shall arranged form bond entirely 
through the pier. 

All stones shall laid with close joints their quarry beds, the 
largest bed down, and the beds and tops dressed parallel faces 
throughout their entire extent. 
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The joints shall vertical and horizontal, and the vertical joints 
shall break not less than inches. Vertical joints shall dressed 
close for least inches back from the face. 

10. horizontal vertical joints shall more than inch 

11. The backing shall such shape and dimensions will 
closely fill the interior the pier and thoroughly bond the outside 
courses with each other. spalls will allowed except small open- 
ings the backing. 

12. The face-stones each course shall laid full mortar beds, 
and brought bearing maul. The interior the 
course shall thoroughly grouted and leveled off before the next 
course laid. 

13. The face-stones the rounded ends piers shall drilled 
through before setting, and the drill holes extended six inches into the 
course below. One-inch round iron dowels, inches long, shall 
driven into these holes with small quantity mortar. 

14. The coping shall dressed throughout, and least half the 
stones shall extend across the pier. The face each stone shall have 
margin draught upper and lower edges. The coping and all pedes- 
tal stones and draw-rests shall bush-hammered where required 
the engineer. inches wide, shall made all 
angles the masonry. 

Slope wall shall consist fiat stones laid close, for protection 
banks, same general size specified for rip-rap, and built such 
thickness and slope and such manner the engineer may direct. 

All mortar grout shall composed one part good hy- 
draulic cement and two parts coarse, clean, sharp sand, thoroughly 
mixed, and tempered used. 

The cement shall hydraulic, uniform quality, and equal 
all respects the best Louisville Rosendale cement. shall 
newly made, fine ground, and capable standing tensile strain 
pounds per square inch section when mixed pure and made into test 
bars, exposed thirty minutes air and twenty-four hours under water. 

Samples for testing shall furnished when required the engi- 
neer. All packages barrels containing the cement shall have the 
maker’s brand carefully marked thereon. 

All cement shall kept dry until used. 

The quarries will such are approved the engineer, along 
the line the St. Louis and San Francisco Railway, between Seligman, 
Missouri, and Van Buren, Arkansas; the line the Eureka 
Springs Railway, near Beaver Station, the line the Little Rock 
and Fort Smith Railway. 

The railway company will furnish free transportation for stone 
from points named its own line road the Eureka Springs 
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Railway Van Buren, but the contractor shall pay for transportation 
over the Little Rock and Fort Smith Railway, from the quarries 
the nearest side track teams otherwise. 

Stone, however, for rip-rap, concrete and slope-wall, shall 
taken from quarries near the bridge site and transported the con- 
tractor his own cost and expense. 

The contractors shall furnish all tools, machinery and plant 
every description—both the quarry and the bridge site. 

The stone shall cut the quarries, and the contractor shall 
promptly load and unload the cars furnished for transportation stone 
other materials. 

The railway company will furnish free transportation for timber 
from stations south West Fork, Arkansas, Van Buren, over its own 
line road. 

The railway company will also furnish free transportation be- 
tween stations its own line road for men, tools and material and 
supplies actually needed for this work, except more particularly 
specified for stone and timber. 

material shall measured included the estimate which 
does not form part the permanent structure. 

And all such material temporary works shall removed 
directed the engineer, leaving the bridge free and unobstructed 
completion the work. 

All material furnished shall sound, and free from any defect that 
will injure its strength durability, and subject the inspection and 
acceptance the engineer before being used. rejected him 
shall promptly removed. 

The contractor shall not sub-let transfer his contract, any 
part thereof, without the written consent the engineer. 

The contractor shall, his own cost and expense, take down, 
remove and rebuild any work which, the opinion the engineer, 
has been imperfectly executed. 

All extra work other than that paid for herein set forth 
required the engineer, and not embraced the items and prices set 
forth the contract, shall done the contractor only the writ- 
ten order the engineer, who shall return with each estimate 
bill for the same, based the actual cost labor and material used, 
such his judgment reasonable and just. per cent. shall 
added the same for the use tools, superintendence and all other 
expenses. The acceptance such bill the contractor shall 
deemed and taken waiving any further claims for account 
extra work done during the month referred said bill. 

shall made the contractor for hindrances and delays 
from any cause whatever the progress the work, but may entitle 
him extension the time allowed for the completion the work 
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equal length the detention, determined the Chief Engineer 
the St. Louis and San Francisco Railway Company; provided, 
shall give the said chief engineer immediate notice writing the 
cause the detention. 

Bids will received for the substructure hereinbefore speci- 
fied either with lump sum paid for the whole such substructure 
complete; 

With specific prices paid for the several classes work 
enumerated below. 

Said prices shall cover and include all material, barges and ma- 
chinery other plant, tools, labor, temporary work other expense 
used incurred the progress this work. 

constructive conventional measurement will allowed. 

Quantities timber estimates shall include only the actual 
cubic contents the timber turned into board measure, and placed 
permanently the structure. 

Quantities masonry shall include only the actual cubical con- 
tents the masonry inside the draft lines and according the plans. 

The contractor shall employ persons experienced and skilled the 
various kinds work specified; and shall use the best tools and ma- 
chinery obtained for rapid and efficient progress. 

Any the work herein specified shall carried night 
day directed the engineer. which case the contractor shall, 
within ten days after being directed, provide his own cost and 
expense sufficient electric other artificial light, and force adequate 
keep three full shifts men successively employed during the whole 
each twenty-four hours; and shall maintain such force until, the 
judgment the engineer, the necessity for doing shall have passed. 

Whenever the word engineer occurs these specifications, 
have reference the Chief Engineer the St. Louis and San 
Railway his authorized assistants the work. 

Timber caissons shall include all timber every kind 
framed, and placed caissons which are sunk bed-rock. 

Timber cribs and open caissons shall include timber every 
kind (excepting piles and grillage) furnished, framed and placed 
cribs and open caissons for foundations masonry. 

Timber grillage shall include all caps for piles and timber, 
platforms resting thereon, other platforms for foundations 
masonry. 

Piling shall include only such part the piles remain the 
foundations the masonry and below the level the bottom the 
grillage resting them, and such price includes furnishing, driving: 
and cutting off the tops the piles level hereinbefore specified. 

Sinking caissons shall measured per foot, vertically from the 
average level the bottom the cutting edge low-water level 
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already established the engineer, and shall include all excavation 
from the interior the caissons elsewhere all classes material 
encountered sinking them excepting the bed-rock. 

Wrought-iron shall include all wrought-iron bolts and their 
attachments, drift-bolts, dowels, washers, plates, cutting-edges, nails, 
spike other wrought-iron furnished and used the foundations and 
masonry and remaining the permanent structure. 

Cast-iron shall include all cast washers, plates other castings 
furnished and used the permanent structure. 

Concrete working chamber caisson shall include only such 
concrete furnished and used the working-chamber proper the 
caissons sunk bed-rock. 

Excavations above water shall include all excavations founda- 
tions and other excavations incidental thereto, and will include all 
classes material except hereinafter more particularly specified. 

10. Excavations under water shall only apply excavation 
foundation pits and deepening channels under water where required 
the engineer, and shall cover all classes material encountered, and 
include draining, bailing, pumping, and all material, labor other 
expense connected with such excavation. 

The river shall, all times during the construction and erection 
the substructure, kept free for navigation. 

All coffer-dams, staging and other obstructions must removed 
the contractor when directed the engineer, leaving the river 
entirely unobstructed except actual space occupied the masonry. 

case the elevation the underlying bed-rock above datum line 
levels less than that shown plans, the contractor shall en- 
titled the sum $400 per vertical foot for the difference level 
found the sites and and the sum $600 per 
vertical foot the site Piers No. 

case the elevation the underlying bed-rock above datum line 
levels greater than that shown plans, the railway company 
shall entitled credit $400 per vertical foot for the difference 
$600 per vertical foot the site Pier No. 
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DISCUSSION. 


Am. Soc. E.—The interest attaching 
bridges the character described this paper, perhaps more 
commercial than professional nature. There were really engineering 
difficulties worth mentioning, the construction. The rock was about 
feet below the water, overlaid with sand, and easily reached 
pneumatic caissons that portion the river where scour was liable 
take place. the south side pile foundations were used, for the 
reason that Jarge excess waterway had been provided for, and there 
was probability scour those points. may mention point, 
connected with the testing cement, which might interest the 
Committee Tests Cement. The cement was made Louisville, 
Ky. The first car load received was carefully tested, and about per 
cent. the barrels were reported falling below the specifications, 
For the purpose verifying these tests, two samples taken from 
each the rejected barrels. The first set was mixed exact accord- 
ance with the practice which had been observed the original tests; 
and was tamped briquette, with moderate amount pressure. 

Tests made upon these samples all fell below the specifications. The 
second set samples was treated the same way, except that the 
tamping was little more decided than the first case. Every one 
these tests came above the specifications. appeared evident that the 
pressure exerted tamping was the controlling element, and that 
slight difference amount would give very different results the test 
piece. would seem asif the important question, connection 
with testing cement, the preparing the test pieces. 

sinking caisson No. interesting experience was encountered. 
After the caisson had been sunk few feet into the sand, the water 
the river rose rapidly, completely covering the work, and obliging 
suspension operations. 

Daring the high water the sand scoured out under the up-stream end 
the caisson, until dropped down feet out level and the whole 
caisson moved feet down stream. 

After the water had receded sufficiently renew operations, Messrs. 
Sooysmith, who had undertaken the pneumatic work, succeeded 
righting the caisson, and, the same time, crowding back into place 
system inclined structures placed the working chamber the 
up-stream side Upon releasing the air pressure suddenly 
the caisson descended and worked stream the same time. 

Mr. Sooysmith will doubtless able describe this operation more 
detail. 

was ingenious method overcoming what appeared 
serious difficulty. 
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location where the ground will pile the material higher 
one side than the other, the most effective way move the caisson 
bring about greater pressure one side than the other, 
and this done simply piling the material higher that side: 
When had about feet material about the caisson, 
found that difference feet the height the material 
one side had tendency work the caisson away from the high side. 
Throughout the sinking the caissons often change the height 
the material every day and find very effective. 

had interesting case the Randolph Bridge over the Mis- 
souri, Kansas City. caisson had gotten feet out 
position when was but few feet from the rock; the masonry had been 
started and was very desirable get more nearly position. 
There was too much material around enable push it, and there 
was not enough distance still sink permit move the man- 
ner just was moved into position the following way: 
timbers resting plank platforms the sand were set in- 
side the caisson; these were all inclined the direetion which 
wished move the caisson. After excavating under the cutting edges 
portion the pressure was let off, bringing the weight the caisson 
the inclined posts, and the result was that the caisson moved slightly 
the direction wished go, and two three repetitions this 
method brought into position. 


caisson the East River Bridge, there was decided excess pressure 
the land The ultimate depth reached was feet below mear 
high tide, and the surface the earth the land side was about feet 
above the water surface. The bottom had been dredged feet 
depth, and sloped greater depth short distance the stream. 
The resultant the weight the caisson and this difference side 
pressure was, therefore, outward, and when the depth was reached 
the caisson was found have moved two feet towards the river. 

The caisson had been made purposely abundantly large (for this, 
among other reasons), and the masonry base was also made large, 
there was difficulty adjusting the tower above water its true 
position. 

the resultant from the cables was also outward, the final effect 
was favorable rather than otherwise. 


Am. Soc. E.—Did the piers the Pough- 
keepsie Bridge get out line all? 

Bridge were sunk depth 136 feet. found that the river-bed 
consisted soft sand, that everything that sunk disappeared 
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The soil grew harder went down until some gravel was found 
with it, and just before reaching the bed-rock turned into very 
solid gravel. 

The piers the Poughkeepsie Bridge were very large; the base 
feet wide 100 feet long and they were about 130 feet high. 
made the size the bottom 100, which gave pressure 
bed the river about tons the square foot. Then, for the 
reason that much size was not required went up, drew this- 
100 feet the top. Whether this had anything toward’ 
keeping the bridge piers perpendicular think one could tell. Iam 
certain one thing, that our experience there shows that must not 
overload the piers want them down without deviating from 
their normal position. must keep the excavation below the cutting 
edge. When the weight overcame the side friction the thing dropped. 
just like plumb-bob. But, matter fact, they did not get out 
line. 

Davis, Am. Soc. E.—Can you give any data to- 
the friction the sand the side the caisson? 

Mr. think, memory correct, took, overcome 
the friction, weight about 800 pounds per square foot, between 
and 800 pounds the square foot. not re- 
ferring note books find that when the caisson was sunk feet 
below the river-bed its perimeter was 320 feet. 400- 
square feet exterior rubbed surface. Its immersed weight was then 
tons 000 000 pounds, 000 

400 
foot rubbed surface, equals the downward pressure. This 
not enough make the caisson move, until hole was dredged below it. 
When that hole was dredged, and the support under the base taken 
away, the caisson sank down. Hence the friction the rubbed surface 
could not have been much pounds. called 700 
pounds, but not possible state exactly. 


Mr. there any increase you went down? 
Mr. could not see that there was. 


100 pounds per square- 


with the subject caissons being out place, that the Rob Roy 
Bridge (over the Arkansas River the St. Louis, Arkansas and Texas 
Railway), where cylinders feet diameter were sunk depth 
feet below low water, the method employed bring cylinder back 
place was first get out plumb, with the bottom pointing 
the direction which was necessary move it; sink thus in- 
clined until calculations inclination and position together showed 
that the bottom was the right place, and then plumb it; this 
done with twelve cylinders. 
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throw the cylinders out plumb and afterwards plumb them, 
pieces timber were clamped the cylinders, and in- 
clined struts placed from these either sills the sand-bar caps 


clumps piles driven for the purpose. 


the Junction Railway Bridge, over the Arkansas River, Little 
Rock, Ark., which also had charge, one the caissons was brought 
back its place sinking out plumb; was thrown out plumb 
and righted simply excavating below the cutting edge one side 


only. 


This caisson was but little out place, however. 


The following are the illustrations the paper Mr. Purdon 


the Van Buren Bridge: 


Plate 


XIX. 


Photograph Bridge. 

Location. 

Triangulation. 

Caisson and Crib Fixed Piers. 
““ 

Pier 

Water Gauge Profile. 

Ravine Section. 

Process Leveling Caisson Pier 

Caisson and Crib Pier 

Pier Elevation and Section. 

Plan Courses, Pier 


ce 
Pier 
Pier 10. 


Profile showing Sinking Caisson. 
Profile showing Progress Masonry. 
Superstructure 252-feet 9-inch Spans. 
Superstructure 162-feet Spans. 
Superstructure Draw Span. 
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